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There were several staff changes and new appointments during the year. 
'The post of Director, iri effect vacant since the departure of \1r. P.B.N. 
Jackson on the 16th february, 1965 was filled in January by tne appoint­
ment 0 f Dr. Watts. \11'. \ [<.1 nn, \\" ho was a ppoin ted Act ing 0 ire c t or during the 
i I1 terim period, then reverted to his substantive post. During 'vlr. 'vlann's 
term of office, EAFFRO's activities were considerably extended, both 
with regards to the available facilities and to the scope of the research 
programme; the Lake Victoria Fisheries I1esearch Project (L VFRP) matured 
and was brought to the stage when the Project could be implemented, the 
laboratory buildings were extended by the erection of a new wing and 
additional stores provided for the workshop. 
1 
Mrs. We lcomme, who was appoi n ted on contract as Persona I Se cre tary
 
to the Project Manager of the LVFHP, left on the expiry of her contract in
 
"Jay. Mrs. Kati was then appointed Secretary on temporary terms from the
 
11th May and on the 1st July was offered and accepted a contract appoinL­

ment in this post. Miss Khamis, Personal Secretary to the Director, renewed
 
her contract for a further period of one year.
 
Over the past years, the administrative duties of the Director have in­
creased steadily with the expansion of EAFFRO's activities, and with the 
implementation of the LVFI1P the decision was taken to create a senior 
executive post on the establishment for the duration of the Project. On the 
1st October, the new post was filled by the appointment of \t1r. Ewiu on 
trans fer from Na irobi. However, on the 1st De cem ber ~vlr. Ew iu was trans­
ferred to Kampala as Staff Relations and Welfare Officer (Uganda) as a 
result of the reorganisation following the implementation of the East African 
C ommun ity (EAC) from the Eas t Afri can Common Servi c es Organisa ti on 
(EACSO). 
The Accounting Assistant, Mr. Kirangwa, was transferred on the 24th 
January to Nairobi, and Mr. D'Costa was appointed as a replacement. 
Mr. D'Costa, who had previously served as an Accounting Assistant with 
EAFFRO during the period 1958-1963, was subsequently transferred on 
promotion to the East African Virus Research Organization (EA VRO), 
Entebbe and left on the 22nd August. Mr. Jumah was appoin~ed by the 
Accountant General's Department, Nairobi as a replacement and took over 
the Accounts Section after a brief handing-over period. 
After a period of in-service training at \tJuguga, Mr. Mayawa, of the 
E.A. Customs and Excise Department, Dar-es-Salaam, took up his appoint­
ment as Senior Clerical Officer (Stores) at EAFFRO on the 13th February. 
This post has been required for several years, as the single· post of Ac­
counting Assistant has been responsible for stores and accounts and the .. 
administration of EAFFRO. Furthermore it is anticipated that the im­
plementation of the LVFRP, for whose stores and vehicles EAPFRO IS 
responsible, will place an even greater burden on the administration. 
On the 11th May, Mr. Welcomme left East Africa on terminal leave prior 
to taking up an appointment with FAO in Dahomey, West Africa. Since 1963, 
Mr. Welcomme has made a special study of the TiLapia of Lake Victoria 
with the result that our knowledge of this commercially important group 
has been greatly extended. His work has been reported in a series of papers 
and as a thesis for a Ph.D. degree of Makerere University College. 
Mr. Kitaka, Research Officer, completed his course on "Oceanography" 
at Southampton University and returned .to Uganda on the 21st October. 
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'v1r. Kitaka is to be congratulated on the award of the M.Sc. degree after the 
successful completion of his course atSouthampton,and his confirmation in 
the post of Research Officer on the 1st April. 
Dr. Gee proceeded on overseas leave on the 15th December, but is 
scheduled to return to East Africa in \-Iarch, 1968 for a third tOUI' of service. 
\1r. Gilbert, CAFr-flO's Fisheries [xpcrimental Officer, was granted one 
month's vacation leave in mid-tour and returned to E:ast Africa on the 
21st \Iarch. 
Dr. Okedi, after submitting his Ph.D. thesis to \1akerere University 
College, took a month of his accrued annual leave in-July. Dr. Okedi is to 
be congratulated on the award of the Ph.D. degree of \Jakerere in November 
and on his promotion to the post of Director Designate/Co-\Ianager 
(LVFRP) in September. 
The Laboratory Technician, \11'. Mwanja, was confirmed in his appoint­
ment with effect from the 1st July and has also been elected an Associate 
\lember of the Institute of Science Technology following the successful 
completion of the City and Guilds Laboratory Technicians (Advanced) 
course in 1966. 
Vliss H. O'Hare, the Volunteer Servi ce Overseas (UK) grad ua te Ii brarian, 
left East Africa on the 11th September after completing her assignment at 
EAFFRO. For the past 12 months, she has been engaged on the compilation 
of a bibliography of African freshwater hydrobiology, the establishment of 
an adequate reference system and general re-organization of the library. 
EAFFRO would like to thank the United Kingdom Volunteer Organisation 
for seconding Miss O'Hare to undertake this essential work. 
Amongst the junior staff, the post of Senior Coxswain remained vacant 
owing to the difficulty of recruiting a suitably qualified person in the 
Uganda area. However several potential candidates have been interviewed 
and a probationary appointment to this post is anticipated in 1968. With the 
establishment of a Regional Headquarters of the Property and Maintenance 
Division (P & MD) at Kampala, two members of the Chief Technical Of­
ficer's staff, who had in the past been based at CAFFRO, were transferred 
elsewhere. 
: At the conclusion of 1967, there were four outstanding vacancies on the 
the senior establishment at CAFFRO, viz. the posts of counterpart Re­
search Officers and Masterfisherman to the LVFRP, and one on the junior 
establishment, that of Senior Coxswain. 
LAUNCHES AND VEHICLES 
The three vehicles maintained by EAFFRO's own staff have given 
satisfactory service throughout the year. The Bedford pick-up, purchased 
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In April, 1955, has now covered 41,025 miles, being used for limited jour­
neys within the Jinja locality. The old Land Rover station-wagon, trans­
ferred from EAAFRO, Serere, has now recorded a total mileage of 81,050. 
The long-whee I-base Land Rover covered some 8,825 miles on safari duty 
throughout East Africa during the year. 
The two LVFRP vehicles have also been maintained by EAFFRO; the 
Land Rover has now covered a total of 8,218 miles, and the Toyota Crown 
station-wagon a total of 17,600 miles since their arrival in East Africa 
during 1965. Both vehicles have been used extensively on safari duties 
throughout the year. 
The two launches were overhauled by EAFFRO's staff mid-way through 
the year. No. 1 launch required extensive repairs, as large areas of the 
wooden hull were found to be rotten. The engines ha"d to be removed in 
order to facilitate the work, which was carried out on EAFFRO's slip-way, 
and which still remained to be completed by the end of the year. No.2 
launch has again been in continuous use on local gill-net fishing pro­
grammes dlli'ing the year. Repairs to this launch were comparatively slight, 
although the propellor was found to be damaged to such an extent that it 
had to be replaced. 
Two of the smaller dinghies, having reached the stage when they were 
beyond repair, were written-off by the Annual Board of Survey. It is hoped 
that it will be possible to replace these dinghies in 1968, either by pur­
chasing new ones or, if time permits, by building in the workshop. The 
other dinghies have undergone minor repairs when necessary. 
The International Biological Programme (IBP) team, based on Lake 
George, finally decided to purchase a privately owned vessel from Jinja 
for use on the lake, and not the George Hancock, the Makerere vessel 
(previously incorrectly known as the fohn Henry) as originally proposed. 
The boat was eventually transported by lorry to Kasenyi, and on instructions 
from the Professor of Zoology, IVlakerere Uni versity College the George 
Hancock was again put up for sale and was eventually disposed of by 
EAFFRO in October. 
Early in the year, work on the Uganda Fisheries Department's vessel 
Darter was completed, and after a few trial runs the vessel "was ready for 
use again. Throughout the remainder of the year she has been used ex­
tensively by EAFFRO on the Haplochromis survey in the absence of any 
suitable vessel of our own. EAFFRO is very grateful to the Uganda Fish­
eries Department for the use of the Darter and also for generously re­
imbursing the cost of the reconstruction work, which was undertaken by 
the staff of EAFFRO. 
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BUILDINGS AND EQUIPMENT
 
As from the 1st July, the Chief Technical Officer, P & MD, became 
responsible for the supervision of all EAFFRO's buildings. A sub-unit, 
staffed by members of the P & MD and administered by the Regional Head­
quarters at Kampala, has been established at the Customs and Excise 
Office, Jinja, to which all maintenance requirements are now referred. 
EAFFRO is now no longer required, as in the past, to supervise the resident 
staff of the P & MD and the maintenance of EAFFRO's buildings. 
The senior quarters were re-decorated during' the year and general 
maintenance work carried out on the remaining staff quarters. Four electric 
cooking stoves were purchased to replace those beyond repair, and ballast 
has been spread on the drive-ins to the senior staff quarters. A fence has 
been erected along a boundary to one quarter, which has been subjected in 
the past to frequent trespass, and many of the soakaways for the disposal 
of storm water and effluent from the septic tanks have been re-dug and 
packed. 
At the maIn laboratory block, the extension wing which was completed 
in 1965 was made ready to house the expert and counterpart personnel 
assigned to the LVFRP. An additional telephone system has been installed 
in the wing for the use of the Project with a separate PBX exchange with 
four extensions and an exchange line. A link-line between EAFFRO's PBX 
exchange and the new exchange connects both telephone installations. 
In addition an office-type intercommunication set has been installed be­
tween the new wing and workshop to facilitate supervision of the fishing 
and workshop maintenance staff by the LVFRP's Masterfisherman and 
EAFFRO's Fisheries Experimental Officer, who are to be housed together 
in the new wing. 
In the aquarium building, the circulating water system has been im­
proved by installing a larger capacity pump. Repeated failure of the original 
gear, which eventually resulted in a breakdown of the driving ,motor, was 
traced to inefficient switching. This has now been rectified by using a 
3-phase contactor operated by a float and link gear. As a result of the 
larger volume of water circulating through the aquarium tanks, there has 
~gain been a marked improvement in the condition of the experimental fish 
population. 
The continuing fall in the level of Lake Victoria has enabled the slip­
way to be repaired throughout it's length. The opportunity was also taken 
to re-site the haulage winch and leads, so as to increase their mechanical 
efficiency. So far the operation of the wagon-ferry terminal by the East 
African Railways and Harbours (EAR & H), which was opened on the 
24th August, has led to little inconvenience in the use of the slip-way. 
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The EAR &. H have again been very cooperative and have assisted In minor 
repairs to the slip-way and the loan of equipment. 
It has not been possible during the year to make any significant pro­
gress in improving the lake-side site, which is adjacent to the wagon-ferry 
terminal and slip-way, owing to financial stringency. However a certain 
amount of hard core has been tipped on the side in preparation for a pro­
posed causeway and quay, as an alternative to the present berthing ar­
rangements which may in the future interfere with theoperation of the \vagon­
ferry terminal. 
The generous grant of £600 by the LVFRP towards the cost of equipping 
a chemical laboratory has. enabled EAFFRO to purchase basic apparatus 
required for chemical research. Three air-conditioning units have also 
been donated by the LVFRP and these will be installed in the darkroom, 
balance room and museum. EAFFRO would also like to express apprecia­
tion for the generous gift by the Director of the East African \larine Fish­
eries Research Organisation (EA\lFRO) of a bottom trawl net and a camera. 
Other major items of experimental gear and apparatus obtained during 
the year include a battery charger and deep freeze unit. A boat trailer, " 
capable of taking loads of up to about 5 tons, mooring buoys for the new 
LVFRP vessel and other sundry items, including electric fishing gear, 
have been designed and constructed by the workshop staff during the year. 
A number of seine nets and bottom trawls have been rebuilt together with 
all the ir an cill iary gear and worked experimentally. A further experimen tal 
mid-water trawl has been designed and prefabricated by EAFFRO staff for 
use on the exploratory survey in the Entebbe area of Lake Victoria. 
LIBRARY AND ADVJINISTRATION 
Considerable progress has been made with regard to library function. 
Miss O'Hare has 'cleared the considerable back-log of reprints remaining 
to be catalogued from previous years and has completed checking the 
author and subject indices. The Universal Decimal Classification, which 
was first used at EAFFRO in 1963, has now been applied to the entire 
reprint collection. Further Miss O'Hare has completed the compilation of 
a bibliography of African Freshwater hydrobiology based upon the available 
re feren ces at EAFFRO. Negotiati ons are, howe ver, currently proceed ing 
wi th The Food & Agri cuI ture Organi zation of the UN (FAO) to rna ke it 
possible for \liss O'Hare to extend the bibliography by consulting collect­
Ions in libraries outside East Africa. The additional coverage would 
considerably enhance the intrinsic value of the bibliography to African 
hydrobiologists. 
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II! C()nl:~l:'Ol Ie; the progress ,wide in the l'eorgallisuLion of the library, 
continua] findllcinl stringency has led EAFFf10 to put into effect the 
Jcc.ision 11ldOC in 1966 to cancel nearly half the subscriptions to scientific 
journuls serviced in the past. Although embassies and in~titutions h8.ve 
b<:en <Ifipronched for aid in this connection, it would seem unlikely that 
there will be an immediate alleviation of the situation, \vhich is undoubted­
ly one of the most serious scientifically that EAFFHO has had to face for 
many years. Financial stringency has also imposed restrictions on the 
publication nnd distribution of the results of EAFFRO's research progress, 
although efforts are being made to offset this ,by u;:;ing the relatively 
cheaper medium of duplicated Occasional Papers for the publication of 
such material. The purpose of the Occasional Paper series is four-fold: 
0) To acquaint EAFFRO's staff, national institutes and individual 
workers with the changing trends of the work carried out at the 
Organ izati on, and the progress made. 
(2)	 to make available field reports and other communications which 
are of particular interest but Y\:hich would not normally be printed 
illS c i e n t if i c j 0 ~ r'~ a Is. 
(3)	 'to make available to other workers in the same field papers which 
will eventually appear in print but which, on account' of their 
immediate in terest or importan c e ,deserve to be known wi thou t delay. 
(4)	 to reduce publication costs. 
On the arrival of iVlr. \layawa, it ,became P9ssibl.e for the first time in 
many years, to reorganise EAFFRO's stores. Additional she lving has been 
provided and the sc ien ti fi c equ ipmen t examined for its servi ceabili ty. 
Repairs to selected items of equipment were carried out by Mr. Mwanja 
during the physical check of the stores, so that the number of items even­
tually submitted for disposal to the Annual Board of Survey was reduced 
to a minimum. However, much of the scientific equipment held at EAFFRO 
is unlortunately antiquated, requiring continual maintenance to ensure its 
serviceability, so that replacement of some of the more essential items 
is now a matter of some urgency. 
It is hoped that by the beginning of 1968 a copy typist will be recruited 
to undertake the library administration, which since the departure of Miss 
O'Hare in September, has been done by \11'. Mann and Mr. Chilvers. It is 
further planned that the post should carry the responsibility of processing 
all reports and pu'blications from both EAFFRO and the LYFRP in order to 
reduce the present work load on the two personal secretaries. 
As in past years, formal liaison between EAFFRO and the University 
of East Africa, particularly\'Jakerere University College, has been main­
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tained by an exchange of VISitS and publications.' Miss VI. Fleming, a 
post-graduate student at Makerere Zoology Department, continued with her 
programme of histologi cal re search at EA FFRO, although th is was inter­
rupted during the middle of the year when she went on overseas leave to 
Canada and the United Kingdom. 
VISITING SCIENTISTS 
As in previous years, a number of scientists and distinguished persons
 
from East Africa and ov(}tseas visited or worked at the laboratory for short
 
periods.
 
Visits were received from members of the staff of the three National 
Fisheries Departments too numerous to mention individually. From \lakere­
re University College, EAFFRO received visits from Professor Beadle. 
(late Professor of Zoology), now scientific advisor to the IBP team, Lake 
George; Dr. J.P. Thurston to collect parasite material from fishes, and 
Mr. N. R. Chalmers to obtain phytophagous Haplochromis and to discuss 
behavioural st~dies on this genus. Dr. R. McConnell (nee Lowe), one time 
Research Officer at EAFFRO and now of the Fish Section of the British 
Museum (Natural History), pa id several visits while resi den t at \lakerere .. 
University College, where she wa!'? in charge of a course in ichthyology 
for Zoology students during August and September. 
Dr. B. E. Grimwood of the Tropical Products Institute, London stayed 
at EAFFRO for a few days in July to collect material for fish spoilage 
studies which are currently being undertaken by the Institute on behalf of 
the Uganda Fisheries Department. Mrs. M. McFarlane of the National Agri­
cultural Laboratory also paid a visit of a few days in April in connection 
with her work on the geomorphology and archaeology of the Napoleon Gulf 
area of Lake Victoria. Dr. R. Apfelbach of the Max Planck Institute, 
Gennany travelt';d from Arusha to Jinja in June for a two weeks visit to 
EAFFRO to obse~ve the behaviour of Tilapia in Lakes Victoria and Kyoga, 
and to consult the collection of reprints on this genus in the library. 
Visits were also received from Dr. P. B. Attewell and Mr. R. Taylor of 
Durham University to make arrangements for the propos~d geophysical 
survey of the Lake Victoria region in 1968. In September, Prof. I. Griffiths 
of the Department of Biological Sciences, University College, Dar-es­
Salaam stayed at EAFFRO for a few days to collect Protopterus and to 
carry out observations on their natural habitat. Dr. D.N .F. Hall and Mr. D. 
Rhind from the Ministry of Overseas Development, London, came in May 
and March respectively to discuss the basis of the United Kingdom Govern­
mentts support for EACSO research. Or. G.A. Prowse, Director of the 
Tropical Fi3h Culture Research Institute, Malacca paid a brief visit to 
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F<~AFFHO in January, while passing through East Africa en route to the 
United Kingdom, Visits were also received from the Executive Officer, 
S('c~al 2.nJ Besearch Services (EASCO) and the Secretary of the E.A. 
N2.tC!r:.d Hcsou:'ces Research Counci I (EACSO). 
h \i<:y} t:';e \\'crld Health Organisation (WHO) held a one week practical 
COl.:'."iC at E,:~:'-FRO 0"1 disease \'cctors for 18 medically qualified students 
'"t- t'-· '.'~,!,~~" ~a . - -' ," ' ~ 1~,. t, D' , \,' r!> I,: T B flGrn Ilv ,(J,Lo.0.,C ....., SL tcgl(;", "","-c" t,.C lrectors.tlp 0, ur, rlo!....J' arton, 0 
~ h 'L' 1 c: 1 1 r!-r· ".,..,. l''1 1" ".. 1
•• ,C; O,iG(j[j vCilOC! 81: ,1i'gJC::~ 2 ,Hi t"OplCEt\,CGlCwe. 'lSlt~, v,'ere a,so 
rece;veJ d')rol'c.. hG"~ th~, '~I -,' -cl"lb<>'r~ of '\-'e j'b'D 'lea-n ; r-~r-~C"'t:o~\'C'''­
.. L·_~....!.C" 'J,,,, uL J \...,G1 U v.ll iii' J .. C;  _ Ll.i J..i.. !i;' ...\J ...... VllLi\...,\... .!. L .... 
with administr<l.tive matters a:lQ the storage of their e'quipn,c:~!~ 8.t E:\FFBO. 
By \Iarch, however, the bulk of the1r equipment hed bc~;; <::Fll:sferred tv 
Lake George end thel'eafter visits by the te2.:T'. members becC\r:-Ic progressive­
ly less frequent. In April, Dr. P. E, Greet;vvcod, cr.e time Research Officer 
at E.--\FFHO and now of the British Vluset:r.1 (Natural Histcry), spent two 
\veeks at EAFFRO accorr:pll~;,:r.g Dr. Gee 2.nd Mr. G1ltert or. safari to the 
Erltebbe urea cf Lake Victor:c: to collect flaplochromis m(-~tericl for des­
patch teo London. W1: i Ie at EAFFRO, Dr. Greenwood also ;-;iade a vai lable 
his expert kr.owledge of the taxonomy of the Haplochrornis species flock of 
Lake Victoria. Visits \lvere also received frem Dr. R, \Tood of Harvard 
University and \'lr. B. Jones of Lowestoft in December, 
From the Netherlands, EAFFRO received visits from Prof. G.P. 
Baerencs of th.e Ur.iversity of Gronir..ge; Dr. j, C, Gerritsen, Head of the 
Department of Ecologicnl Technology, and Mr. \1. Damme from the Ministry 
of Fvreigr: Affairs, The Hague. EAFFRO also received a number of visits 
from FAG consultants in connection with the implementation of the LYFRP. 
Prot ]. A, Crwtchfield of the University of Washington, U.S.A., paid a 
visit if; } ..lly to discuss with the Project Manager the economic aspects of 
the scheme, and i;1 the same month Prof. K. LagleI' of the University of 
\Iicl-:igCi.n, U.S.A., stayed a few days to advise on the biological aspects of 
the research programme. Dr. "Y.!. Royce also of the University of Washington, 
paid a brief visit in August to assess the training prospects ofkred by the 
LVFHP in reIa'tion to existing facilities for fisheries training in East 
Africa. Vlsits were also received from Mr. fluppin, F.A.O. Consultant in 
Fisheries training and VIr. R.C. Cole, Principal of the Uganda Fisheries 
Training College, in connection with the proposed courses to be held at 
the College. Other visits were received from \11'. C. Robinson, UNDP 
Res ident Represen tati ve, Kampala in January and Messrs H. Li ndberg and 
O. Gulbrandsen of FAO, Rome in March. 
MEETINGS AND CONFERENCES 
The Director represented EAFFRO at the 5th Meeting of the East 
African Natural Resources Research Council which was held in Nairobi on 
28th February, while Mr. Mann represented EAFFRO at the Inter-Territorial 
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29th March to 1st Apri l. 
The Director also attended a meeting convened by the Uganda Develop­
ment Corporation in Kampala on the 11th July to discuss the economic 
feasibility of exploiting the Pilkington Bay bottom oozes as an agricultural 
fertilizer. It was generally agreed at the meeting that the Uganda Govern­
ment should be approached to obtain the services of a chemist, who would 
be required to establish in the first instance the nutritional status of the 
deposits, their extent and the best method of extraction and final con­
centration. 
The second Fisheries Technical Committee meeting was held at 
\lombasa on the 1st and 2nd August, being attended by representatives 
from EAFFRO, LVFRP and the Fisheries Departments of Kenya, Uganda, 
Tanzania and Zambia. A total of 20 members and observers were present 
at the meeting and much useful discussion took pla~e regarding mutual 
problems and future development. 
Both Dr. Okedi and Mr. Mann presented papers at the Annual Symposium 
of the East African Academy which took place in Nairobi between the 
6th-9th September. Dr. Okedi also attended the 2nd meeting of the Uganda 
National Committee for the International Hydrologi cal Decade held at 
Makerere University College on the 21st \larch. 
The Director attended a meeting of Heads· of Department, which was 
held in Nairobi on the 9th October, in connection with the implementation 
of the East African Treaty and the function of the new East African 
Community. 
The 6th annual Freshwater and Marine Fisheries Research Co-ordinat­
ing Committe e meetings were held in Zanzibar on the 16th and 17th Nove­
. mber respectively. EAFFRO was represented by the Director. Briefly, the 
meeting accepted the Director's report and endorsed the research programme 
for 1968. The programme catered for the continuation of the Haplochromis 
investigations and observations on Lates. The riverine surveys would be 
extended and the survey of Lake Rudolf is to be resumed. The studies of 
rilpia would continue, with emphasis on population dynamics and stock 
assessments, and the reported decline of the Labeo fishery on the Kagera 
River is to be investigated. 
SCIENTIFIC WORK OF THE ORGANIZATION 
COMMERCIAL FISHERIES OF LAKE VICTORIA 
Throughout the year the Fisheries Departments of Tanzania and Uganda 
continued to forward to EAFFRO data on the commerc ial fisheries of Lake 
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regular records of commercial fishing activity In Kenya waters have not 
been received, appropriate information has been made available on request 
from the Chief Fisheries Officer. 
None of the research staff at EAFFRO have been assigned to a detail­
ed surve y of th e s ta tis ti ca 1 data available, al though severa 1 research 
officers have taken the opportunity of analysing the data appropriate to 
their own research programmes. As recorded in the last Annual Report, an 
important feature of the UNDP Lake Victoria Fisheries Research Project 
will be to undertake the relevant statistical surveys essential to the proper 
management of the commercial fisheries of Lake Victoria. 
An examination of the past records of the lake levels at the Jinja 
Gauge, which have been quoted in previous Annual Reports, have shown 
that the values have been given as feet above datum whereas they should, 
in fact, be read as metres above datum. Further, a number of errors in the 
readings have been brought to light which has made: it necessary to re­
publish the records for the past 3 years. The corrected val ues for the 
years 1964-67, according to the Water Development Department, are 
detailed in Table 1. 
The level of the lake during 1967 remained in general below the levels 
re~orded for the exceptional years 1964 and 1965, but fluctuated somewhat 
during th e year, re ach ing a maximum in !\1ay and fall ing to a minimum in 
September and October. The maximum figure for the year recorded at Jinja: 
12.44 metres above datum did not reach the peak recorded In 1966: 12;84 
metres above datum. 
, : 
TABLE 1. ~10nthly maximum and mInImUm lake levels recorded as metres 
above. datum at the Jinja Gauge for the period 1964-1967.. Data kindly 
provided by the Water Development Department of the Uganda Government. 
1964 1965 1966 1967 
MAX. MIN. MAX. MIN. MAX. MIN. MAX.· ·MIN. 
January 12.96 12.88 12.92 12.81 12.50 12.44 12.33 12.23 
February 12.95 ' 12.86 12.83 12.74 12.51 12.45 12.. 26 12.13 
March 12.98 12.92 12.76 12.70 12.62 12.49 12.18 12.09 
April .13.33 12.96 12.85 12.73 12.81 12.58 12.26 12.12 
Ma y 13.41 13.30 12.92 12.83 12.84 12.73 12.44 12.23 
June 13.33 13.23 12.85 12.67 . J.2.74 12.63 12.42 12.32 
July 13.26 . 13.04 12.70 12.55 12:64 12.50 12.33 12.23 
August 13.12 13.03 12.56 12.40 12.50 12.37 12.23 12.12 
September 13.03 12.94 12.44 12.33 12.43 12.37 12.13 12.03 
'October 12.98 12.90 12.37 12.24 12.41 12.31 12.07 12.03 
November 12.92 '12.87 12.43 12.34 '12.42 '12.33 12.27 12.05 
December 12.91 12.86 12.51 12.43 ··12 ..38 .12.32 12.33 12.29 
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The landings of fresh and processed fish recorded at Massesse Fish 
Market, Jinja were recorded throughout the year by the Jinja Municipal 
Council and the figures are presented in Table 2. The total weight of fresh 
fish landed during the year was slightly below the figure for 1966: 465.2 
tons instead of 468.4 tons. The weight of dried-fish products landed, 
however, was nearly double the quantity landed in 1966: 71.6 tons instead 
of 41.8 tons. The number of canoes registered at Massesse amounted to 
125 compared to 94 the previous year. 
TABLE 2. Monthly totals of wet and dried fish landed at Massesse Fish 
Market, Jinja. Data kindly provided by the Medical Officer of Health, Jinja. 
(weights in lbs). 
1966 1967 
Fresh Dried Fresh Dried 
January 106,090 11,955 83,715 4,950 
February 112,975 8,200 82,650 10,760 
March 110,645 8,000 73,580 9,015 
April 76,730 8,265 67,970 9,125 
May 97,975 6,990 93,960 19,860 
June 63,185 6,060 87,410 18,665 
July 70,625 7,620 72,445 17,265 
August 73,390 10,580 71,430 14,960 
September 74,020 7,965 75,120 20,445 
October 79,480 5,830 95,770 4,065 
November 101,620 6,315 111,425 13,880 
December 82,510 5,955 126,570 17,505 
Although the number of licensed canoes operating off Massesse has 
increased compared to 1966, the amount of wet fish landed during the year 
shows little change, indicating a decline in the catch per ~anoe. It is, 
however, highly probable that the canoe registration figures do not re­
present the number of active fishing units, so that an estimation of the 
present status of the Massesse fishery, based upon such data, should 
be treated with some reserve. It is hoped that it will become possible 
later to extend the cen sus of landings with the ass istance of the L VFRP 
personnel to other areas of Lake Vic'toria, and so obtain a more accurate 
assessment of the commercial fisheries of the Lake than has been pos­
sible in the past with the use of only three regular reference points, 
i.e. Massesse, Entebbe and Mwanza, for the collection of data. 
For the first time for several years, EAFFRO was unable to offer 
vacational employment to East African University students due to financial 
stringency. In the past, the students have provided valuable assistance in 
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the various fields of investigation carried out at EAFFRO and the loss of 
this assistance has been keenly felt during the year, particularly with 
respect to the collection and analysis of the data on the commercial 
fisheries of Lake Victoria. With the additional funds, which it is hoped 
will become available during the next financial year (1968/69), it IS 
planned to allocate a segment of the budget for the specific purpose of 
financing the temporary employment of such personnel. 
NILE PERCH INVESTIGATIONS 
The census of catches of Nile Perch (Lates niloticus) landed at 
Massesse Fish \1arket has been continued. The catches show a peak in 
abundance appearing during the last quarter of the year as in 1965 and 
1966, but there has been no significant increase in the total number of 
Lates landed. The maximum weights of individual·· fish have, however, 
increased compared to previous years: a fish of 60 lbs has been recorded 
from gill-nets off Massesse and fish of 15 lbs weight now not infrequently 
appear in the landings. Due to the lack of a suitable vessel, and other 
commitments it has not been possible for Dr. Gee to collect data from other 
sites. However, it is clear from the records sent in by the staff of the 
three Fisheries Departments that Nile Perch have continued to spread 
around the eastern margins of the lake, but specific records have not yet 
been obtained from the western shores. 
Accurate records of length and weight indicate that the average con­
dition factor from the endemic environments is lower than that of fish from 
the non-endemic environments. This would appear to indicate that relatively 
soon after the introductions of Lates to the new environments, the Nile 
Perch have access to ample living food supplies, which have not evolved 
in the presence of a vigorous predator and which are consequently par­
ticularly vulnerable. It is to be expected therefore that the Nile Perch 
populations, which have become established in Lake Victoria, will expand 
rapidly until the prey populations have become considerably .reduced, at 
which point the Nile Perch population will decline until an equilibrium is 
reached where the ratio of prey to predators corresponds to the ratio 
exhibited in such endemic lakes as Lakes Albert and Rudolf. 
STUDIES ON HAPLOCHROMIS 
Dr. Gee and Mr. Gilbert have continued with the survey of the Haploch­
romis resources in the Entebbe area of Lake Victoria, which was initiated 
in 1965 as a result of the request by the Uganda Fisheries Department with 
regard to the proposal to establish a canning plant at Entebbe utilising 
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Haplochromis. The investigation during the year has chiefly been confined 
to the assessment of the total stock over trawlable ground in the various 
habitats of the Entebbe area. As in the past, the fishing operations have 
been carried out from vesse Is and with gear owned by the Uganda Fisheries 
Department, for whose co-operation EAFFRO is very grateful. 
Work on the development of suitable fishing gear to exploit the Haploch­
romis stocks has also been continued during the year. An account of the 
progress to date is given in Apprendix A. Of the fishing methods so far 
tried, bottom or mid-water trawling would appear to be the most suitable. 
However, a great deal of further work is required and it is hoped that 
progress on this aspect of the research programme will be rapid once the 
new LVFRP research vessel becomes operational. 
Catches from bottom trawls vary considerably between mud and sand 
bottoms. The catch rate was found to be much higher over gently shelving 
sandy bottoms than in any other habitat. The Tavu Bank gave a mean 
catch rate of 3071bs Haplochromis per hour and Airport 8ay 210 Ibs per hour. 
The steeper shelving north Nsadzi sand bank, however, was less productive 
and ga ve onl y 138 Ibs Haplochromis per hour. Over mud bottoms, the 
highest catch rate was obtained in regions with 45-75 ft of water and the 
most productive areas within this depth range appear to be south west of 
Bulago and off Entebbe - 135 Ibs Haplochromis per hour. The shallower 
mud bottomed areas yielded a mean catch rate of 99 Ibs of Haplochromis 
per hour and the deeper water only 86 Ibs per hour. It is felt that except for 
the Tavu Bank, the catch rates are probably too low to be of an economic 
proposition using a trawl of the present rig and dimensions (see Appendix A. 
Fig. Al). The following table, which gives the effort required with the 
present trawl to catch 100 tons of Haplochromis in the various habitats, 
illustrates this point:­
Habitat Haplochromis Others Trawling 
(tons) (tons) Hours 
Sand 100 10 914 
Tavu Bank 100 7 651 
Mud (0 - 45 ft) 100 42 2,022 
Mud (45 - 75 ft) 100 25 1,472 
Mud (75 - 100 ft) 100 32 2,315 
Haplochromis of all SIzes constitute these effort estimates, and if only 
those suitable for canning are used the effort figures would probably have 
to be increased considerably. 
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In May, Dr. Cee went on a 3 mon ths study course at the British Museum 
Natural History (BMNH), which was financed through the generosity of the 
Freedom from Hunger Campaign, London with the object of familiarising 
himself with the extent of their Haplochromis collection and to compare 
biometrical techniques for identification. In this connection, attention is 
also being given at EAFFRO to the possibilities inherent in the serological 
techniques now becoming available to assist in the elucidation of the 
speciation problems in both Haplochromis and Tilapia. Early in the year 
negotiations were opened with the Ministry of Overseas Development 
(\100), London to explore the possibilities of creating a grant-aided 
taxonomic post, based at the B:vlNH or elsewhere, to initiate investigations 
in this field. Approval has now been received by the \laD for the estab­
lishmen t of the post and recruitment possibilities are currently being 
cons idered. 
:'v1iss Fleming, who went on leave in june, returned in November to 
continue her study of the comparative histology and parasitology of the 
digestive tracts of representatives of the various trophic groups amongst 
the Lake Victoria Haplochromis species. Results obtained so far indicate 
that the gut ~natomy only differs slightly from species to species. The 
data cannot, therefore, be used statisfactorily to supplement orthodox 
identification techniques, but do provide a basis from which to initiate 
physiological investigations which promise to be more fruitful. 
FISHERIES SURVEYS IN KENYA AND TANZANIA 
With the appointment and arrival of the DirE:ctor in january, Mr. Mann 
has been able, aftE:r a short handing-over period, to resume his fisheries 
survey work and a second visit was made to the Tana River, Kenya be­
tween the 17th April and the 22nd May, during the rainy season. Access 
to the river was difficult due, partly to unusually heavy rains and ex­
tensive flooding, and partly to the restricted access to the middle and 
lower reaches of the river because of security measures in operation in the 
Northern Frontier District. However, collections were made at Sagana, 
Merilla Barrage; Kindaruma and Carissa. 
The majority of the material collected during August - September, 
] 965 and April - May, 1967 has now been identi fied and analysed. Pre­
vious authors have recorded some 71 different species from the Tana 
basin (see Appendix D) of which at least 13 records are considered du­
bious, and 11 represent recent introductions to the watershed, while 
another 8 B arbus spp. may be members of a variable B. tanensis complex. 
During the survey at least 30 species have been collected and identified, 
but data on Mormyrus and Tilapia remain to be completed. The record for 
Nothobranchius in the Tana ba~in is confirmed and new records are 
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proposed for a third Labeo sp. and a fifth Synodonlis sp., which IS closely 
related to S. clarias from West Africa. 
A report on the biology of the fish species, the extent of the present 
fishery and the probable effects of the proposed barrages upon the fish 
fauna and fishing potential, is in hand. Briefly, it is envisaged that the 
productivity of the new reservoirs will be greater than the present pro­
ductivity of the comparable sections of natural river. 
The second visit to Lake Kitangiri, Tanzania, scheduled to coincide 
with the wet season of January - April had to be postponed due to ad­
ministrative responsibilities and its overlap with the wet season on the 
Tana River. 
STUDIES ON TILAPIA SPECIES 
With the departure of Mr. Welcomme III May, the Tilapia investigations 
had to be discontinued. It was originally proposed that Dr. Okedi should 
contin ue with the work on Tilapia, but the additional duties arising from 
his subsequent promotion to the post of Director-DesignateICo-Manager 
made it impossible for him to devote his full time to the investigations. 
This aspect of the research programme will now have to await the re­
cruitment of an additional biologist before the work can be resumed. 
The importance of the Tilapia investigations follows naturally from 
the fact that the genus Tilapia occurs in the majority of African inland 
waters and is a principal item in both subsistance and commercial catches 
from "wild waters". In recent years considerable efforts have been made 
to utilise some species of this genus for fish-culture in tropical waters 
both in Africa and elsewhere; its suitability is proposed on several 
factors. 
Firstly, Tilapia are tolerant, or at least can be acclimatised to a wide 
range of dissolved salt concentrations, ranging from normal freshwaters 
through brackish and seawater conditions to the extremes which occur in 
some alkaline lakes. Secondly, the warm shallow waters typical of tro­
pical lakes and fish ponds are eminently suitable for Tilapia whose op­
timum temperature range is 200-30OC, although particular spec ies can survive 
temperatures as low as 7°C or as high as 39°C. Thirdly,. the genus is in 
general hardy, being easy to handle and transport and juveniles are readily 
obtainable. Even in crowded fish-culture conditions Tilapia is relatively 
easy to breed and has a large reproductive capacity, due chiefly to its 
elaborate spawning behaviour and subsequent parental care of the ju­
veniles. Fourthly, most spe cies are phytophagous or omnivorous, taking a 
wide range of higher-plant material, phytoplankton, epiphytes, small 
invertebrates or even organic debris; their growth rate, particularly in the 
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juvenile stages, is rapid and they show a high Conversion rate for material 
ingested. Fifthly, the flesh is palatable and various Tilapia products may 
be prepared with relatively little wastage. Finally, the genus is under­
going relatively rapid evolutionary development; it offers good opportunity 
for the artificial selection of highly productive strains and hybrids suited 
to fish culture. 
As a direct result of the considerable economic importance of Tilapia 
In existing "wild" fisheries in East Africa investigations of the biology 
of the Tilapia populations, emphasising the interaction between endemic 
and introduced species and the elucidation of population limiting factors, 
is required. Specifically these investigations should consider for each 
species the following factors: Firstly, their ecological distribution through­
out the life-history. Secondly, the different dietary requirements of the 
juveniles and adults, their food selection, digestion and relative rates of 
food conversion and growth. Thirdly, their reproductive requirements in 
terms of the selection of breeding grounds, territorial and spawning be­
haviour, parental care, and the availability of marginal nursery areas. 
There is also an urgent need to continue taxonomic studies on the 
genus at the species level based on traditional biometrical and anatomical 
techniques, supplemented at the specific and subspecific level by his­
tological and biochemical examinations, by the comparison of behaviour, 
particularly reproductive behaviour; by experimental cross-breeding tech­
nIques; and by the consideration of specific ecological preferences. 
STUDIES ON AN ADROMOUS FISH ES 
Since his arrival in April, 1966 Mr. Chilvers has been undertaking an 
investigation of the fluviatadromous fish populations to provide basic 
information on the temporal and spatial variations in the specific composi­
tion of the fish fauna as it would effect the indigenous riverine fisheries. 
The first phase of these investigations, a study of a small affluent river of 
Lake Victoria, the Sio, on the Kenya-Uganda border, is now virtually 
complete. 
The River Sio was to form one of a sefles to be studied, ranging from 
those with completely open mouths to ri~ers with mouths blocked by 
papyrus. The Sio is in an intermediate condition, discharging into Lake 
Victoria via several channels through a papyrus swamp. It supports a small 
commercial fishery in its lower reaches based on barriers and enclosures, 
and in its upper reaches a subsistence fishery based on basket traps, gill 
nets and angl ing. 
Mr. Chilvers arranged for weekly samples of the fish fauna from the 
river to be taken and has supplemented these collections by several safaris 
to the area where he has made detailed hydrobiological and biological 
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observations. His investigations have now covered a full seasonal cycle 
and the results are to be reported in greater detail elsewhere. 
Briefly, examination of the' fish caught over a 15 month period (May 
1966 to July 1967) by local fishermen at Lumino Bridge on the River Sio, 
using surface set gill nets and mosquito seines, showed that of the thirty 
one species taken, three fluviatadromous species, Alestes jacksoni, Labeo 
victorianus and Schilbe mystus aGcounted for 75 percent by weight of all 
the fish landed (43.6 kg). Their respective percentages were 64.3, 7.8 and 
4.0. The mean catch per nights fishing was approximately 0.2 kg. Catches 
made by EAFFRO staff with a thirty yard seine net, having a stretched 
mesh of Yzin. in the belly, at. six stations along the length of the river, at 
approximately monthly intervals over one seasonal cycle (November 1966 
to May 1967), showed that although the same three species predominate, 
accounting for 70 percent by weight of the total landed catch (58.1 kg.), 
their respective percentages (8.7 , 9.3 and 52.1) were in an inverse order. 
The mean catch per haul from the six stations was 0.81 kg. and from 
Lumino Bridge 1.12 kg. 
The disparity in the percentage representation of the three dominant 
species in the catches from the two types of gear can be accounted for by 
the different selection characteristics given by seine and gill nets. The 
former actively catches fish with a tendancy to select for the more sluggish 
species, and takes in one instant in time a varying proportion of the 
different spe~ies present in the volume swept by the net, which in the 
present instance included the majority of the riverine habitats. The latter, 
however, is a passive gear, dependant for its catch upon the activity of the 
fish themselves, and in the present case fished over a period of time for 
only the range of habitats in the surface two feet of the river. It is pro­
bable, therefore, that the seined catches are more truly indicative of the 
relative proportions existing between species than those from the gill nets. 
The gill nets, however, provide data from which indices of abundance may 
be derived, which can be used to demonstrate seasonal variation within 
speCies. 
Giving equal statistical weight to the catch from each of the six 
stations, the seine net data show that from November to February, whilst 
the river level was falling, Schilbe ... mystus was both numerically and 
gravimetri call y the most abundan t sp eci es, with maximum catches oc cur­
ring during February (mean catch per haul 127.7 fish, weighing 1.67 kg). 
With the onset of the rains in April, when the river was rising and also 
whilst it was in full spate during May, catches of all species were low and 
Schilbe mysllis was of secondary importance to Labeo victorianus and 
Alestes jacksoni in each month respectively. With regard to the last two 
species, maximum catches of Labeo were made from Pebruary to April just 
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prior to and during the onset of the raIns, while January was the most 
productive month for I1lestes, with a mean catch per haul of 5.8 fish. 
weighing 0.15 kg. 
In general, only small fish of the two major species, I1lestes jacksoni 
and Schilbe mystus, were caught. A permanent population of these small 
fish was always present in the river, and the local subsistence fishery was 
found to be based (together with Barbus spp.) mainly on these fish, which 
are believed to remain in the river for two or three rainy seasons after 
their spawning. The commercial fishery in the lower reaches of the river, 
however, is dependent chiefly upon the capture of the older, maturing and 
mature specimens of the fluviatadromous species migrating from the lake to 
the river at the onset of the rains. 
Total catches were found to decrease with increasing distance from 
the lake, and at the same time there was a change in the species composi­
tion of the catch. While the riverine investigations were being carried out, 
weekly. gill net catches from Napoleon Gulf were also examined and the 
data is currently being analysed. 
From the collected material, growth rates and fecundity estimates for 
IJarbus spp., Schilbe mystus and Alestes jacksoni have been made, and the 
diet for the complete size range of A. jacksoni in the river and lake has 
also been studied. 
STUDIES ON MORMYRID FISHES 
Dr. Okedi completed his investigation of the biology, ecology and 
economIC importance of five smaller mormyrid species from the Lake 
Victoria basin viz: Cnathonemus longibarbis, C. victoriae, Marcusenius 
grahami, M. nigricans, Petrocephalus catostoma. His results have been 
submitted as a Ph.D. thesis at Makerere University College and to various 
scientific journals for publication. 
LAKE VICTORIA BoTTOM DEPOSITS - PILKINGTON BAY MUD 
During the period 1947 to 1960, when EAFFRO was under the Director­
ship of Dr. R.S.A. Beauchamp, considerable interest was shown in the 
.physical and chemical characteristics of the bottom deposits found in 
Pilkington Bay near ]inja. Investigations carried out by P.S. Hesse and 
others have provided basic information on the nutritional status of the 
deposits, particularly sulphate relationships, but since 1960 no further 
work has been done on the muds. It has been demonstrated that under 
natural conditions of deposition little, if any decomposition occurs, but 
on drying and subsequent re-wetting decomposition takes place with 
mobilisation of the bound nutrients. 
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Pot experiments carried out by Simpson and Butters of the Uganda 
Department of Agriculture ano reported in Appendix 0 of EArFRO's Annual 
Report for 1958 sugges ted that the re-we lted dri ed mud Sllpp1ied sign ifi can t 
amounts of nitrogen, phosphorus and sulphur. The chief effect of the mud 
on the x:ield of millet could be expressed by the equation y = 13-l..241x ­
10.797x2 + 257x3 + 413.0·-1.3, where y = yield of dry matter (mg. per pot) 
and x = level of mud (tons/acre). High rates of applic<ltion were found to 
depress the yield. 
During 1967, the problem of the mud "vas aguin taken up and the Lganrl.a 
Development Co~poration was approached in connection with the economic 
feasibility of exploiting the deposits as 8. fCi,tiliser. Prof. R.S. Wain of 
Wye College, University of London, also agreed to examine the mud for 
the possible presence of activators or inhibitors which may determine the 
rate of decomposition. In addition, <I certain a;;lOunt ~f work was carried 
out at EAFFRO in connection with crop yield response in maize to dried 
mud additions over a limited range, with the object of increasing our 
knowledge of the fertiliser properties of the deposit. The results of these 
pre 1imin ary experiments are gi ve n in .-\ ppendix B. 
PU BLIC ATIONS 
The following is a list of publications, which have appeared in vanous 
scientific journals during the year 1967, written by members or past mem­
bers of EAFFRO, or by visiting research workers, on 'vvork of local origin. 
The serial numbers are continued from the Annual Report for 1966. Reprints 
are available in most cases and requests for items will be met as far as 
stocks permit. 
198.	 WELCO?vFvlE, R.L. - The relationship between fecundity and fertility 
in the mouth-brooding cichlid fish Tilapia leucosticta. J. Zool. 151, 
(1) : 453-486, 1967. 
199.	 GREENWOOD, P .H. - Two new species of Haplochromis (Pisces: 
Cichlidae) f~om Lake Victoria. Ann. .t!ag. Nat. Hist., 13,8: 303-318, 
1965. 
200.	 GREENWOOD, P.H. - A revision, of the Lake Victoria.Haplochromis 
species (Pisces: Cichlidae) Part VI. Bull. Brit. Mus. (Nat. !fist.), 
Zool., 15 (2) : 31-119,1967. 
201.	 THURSTON, J.P. - The pathogenicity of fish parasites 10 Uganda. 
Proc. E.Afr. Acad., 3 (1965) : 45-51,1967. 
202.	 TEMPLE, P.H. - Lolui fishermen: A study of migratory groups on 
Lake Victoria. Proc. E, Afr. Acad., 3 (1965) : 119-127,1967. 
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203.	 WELCOMiVlE, R.L. - Observations on the biology of the introduced 
spe c ie s of Tilapia in La ke Victoria. Rev. Zool. Bot. Afr., 76 (3-4): 
249-279, 1967. 
The following is a list of Occasional Papers issued by EAFFRO 
during the years 1966-67. They are intended for restricted circulation only 
and should not be reviewed, abstracted or quoted without the agreement of 
EAFFRO. It should be noted that the papers often represent preliminary 
reports of investigations and therefore such findings are subject to possible 
revision at a later date. Copies are available In most casl::; and requests 
for items will be met as far as stocks permit. 
1.	 ELDER, H.Y. - Report on the investigation into the Ti:apia population 
of Lake Naivasha, Kenya. (1966). 
2.	 EAFFRO - The history and research results of the East African 
Freshwater Fisheries Research Organization from 1946­
1966. (1967). 
3. EAFFRO-	 Annual Report for 1948 (re-issue). (1967). 
4. EAFFRO-	 List of EAFFRO publications to 198. (1967). 
5.	 GEE, j .M. & GILBERT, "J.P. - The establishment of a commercial 
fishery for Haplochromis in the Uganda waters of Lake 
Victoria. (1967). 
6.	 MANN, M,J. - The fisheries of Lake Rukwd, Tanganyika. (Re-issued 
with addendum). (1967). 
7.	 MANN, M.j. - A translation of certain extracts from Poll, M. (1967): 
"Les genres des poissons d'eau douce de l'Afrique". 
(1967). 
LAKE VICTORIA FISHERIES RESEARCH PROJECT 
STAFF 
SPECIAL FUND PERSONNEL	 COUNTERPART PERSONNEL 
Project ivlanager	 C,'r;-,'fanager 
P.B.N. jackson, M.Sc.	 J. Okedi, Ph.D. 
Limnologist	 Limnologist 
D. B. McCarraher, B.Sc.	 G.E.B. Kitaka, M.Sc. 
Statistician	 Statistician 
Vacant	 Vacant 
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I 
Economists Economists 
E. Nyholm (marketing) Vacant 
P.S. Whiting (costs) Vacan t 
Mast erfis herman .Ifasterfisherman 
'c.S. Illugason Vacant 
The Spec ial Fund Scheme (Lake Vi ctoria Fis herie s Re seare h Proj ec t) 
was finally signed by all three countries and became operation2! on the 
7th \Iarch. During the period prior to the ratification of the pruject, the 
Project !\Ianager, \11'. Jackson with the assistance of the East .-\frican 
Freshwater Fisheries Research Organization, was fully occtl:-ieJ in ar­
ranging office and laboratory facilities, the recruitrner.t of Special Fund 
(LVFRP) staff, ordering equipment and apparatus and finalising the plans 
for the construction of the new research vessel. 
At the conclusion of the year, all except one member of the Special 
Fund (LVFRP) staff had been recruited. \11'. \yholm arrived in Jinja on 
the 27th May; ;\11'. Whiting on the 30th October; \Jr. \IcCarraher on the 18th 
November and the \Iasterfisherman, \1r. Illugason, on the 16th December. 
Difficulty, however, has been experienced in recruiting the local 
counterpart staff. Advertisement early in the year met with a good response, 
but subsequent developments resulted in only one candidate accepting the 
offer of one of the two economists posts, but he later withdrew his ac­
ceptance. It is believed that the failure to recruit the counterpart personnel 
in the present instance was due to the limitations imposed by the salary 
scales offered. The extension of the scales and the regrading of the posts 
will, it is hoped, attract suitable candidates from a much wider field of 
experience than was possible with the original proposals. The posts \-,·ere 
re-advertised in August and recruitment is now awaited. 
LVFRP RESEARCH VESSEL 
The negotiations, which \-vere initiated in 1966, continued during thE' 
early part of the year 'v\ith \Jessrs. East African Steel g Petroleum Co. Ltd., 
w·ith regards to the transportation of th~ new research vessel by road fro;n 
\Iombasa to Kisumu. The firm finally decided in July not to undertake the 
assignment, and in the same month negotiations were re-opened with 
\11'. J. Barrow, a Consulting Engineer in ~Iombasa. He was given the task 
of drawing up an estimate of costs and conducting on-the-spot negotiations 
with other firms equipped to carry out the transportation of the vessel. 
As a result \lessrs. Express Transport Co. (\lombasa) Ltd., agreed to 
undertake the removal of the vessel, to off-load her at Kisumu, and to 
make the necessary arrangements to obt~in the clearances required from 
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the various authorities concerned along the proposed road route. At Kisu­
mu, the final assembly and fitting-out will be undertaken for the Project 
by the EAR &H shipyard. 
The research vessel, which is to be named the "Ibis" underwent her 
trials in United Kingdom waters in August. The vessel, which is of 56 ft 
overall length with a 16ft beam and a displacement of about 50 tons, has been 
built at Bideford, England by Wykeham Marine Ltd. She has been fitted with 
modern navigational aids, including radar and an automatic pilot, and is 
powered by a 200 h.p. Caterpillar diesel engine. Due to various delays, 
however, her shipment from the United Kingdom as deck-cargo to :v1ombasa 
has been held up and her arrival is now not anticip~ted before the end of 
the year. 
RESEARCH AND GENERAL 
A large quantity of equipment for the project has been ordered and 
much of it has already arrived. This includes a large otter trawl for use 
with the new research vessel complete with warps and codends of various 
mesh sizes. In addition, a variety of field and laboratory equipment has 
been delivered, including some relatively costly items for the chemistry 
laboratory. 
In general, work on the project has proceeded satisfactorily and only 
two problems remain at this stage. Firstly, the lack of local counterpart 
personnel and secondly, the delay in building the LVFRP staff housing. 
The housing is to be financed by the United Nations Special Fund Scheme 
and is the subject of a separate agreement between the Fund and th~ 
Uganda Government. Ratification of the agreement is, however, still 
awaited and during the interim period the LVFRP staff have been housed in 
quarters provided by EAFFRO and the Distric t Commiss ioner' s Office, 
Busoga. The Project is very grateful for the assistance given in this 
connection. 
It has been'decided, as recommended by the Economist Co'nsultant to 
the Project, Professor ]. Crutchfield, and as discussed by the Director of 
fisheries, Tanzania, and the Chief Fisheries Officer, Kenya, that work 
6n the proposed economic surveys would, in the first instance, be con­
centrated in the areas of Nairobi, the Kavirondo Gulf, Mwanza and Dar-es­
Salaam. The Kenya Fisheries Department has kindly made available three 
of their staff, who have been briefed and are collecting data from the 
various markets in Nairobi. It is hoped shortly to commence similar opera­
tions at Mwanza and at Kisumu; the Fisheries Departments of Tanzania 
and Kenya have been requested to provide a few staff to assist the work 
of the economists in these two areas. 
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With the arrival of Mr. ;VIcCarraher in November, and the return from 
leave of his counterpart, :VIr. Kitaka, in December, a start was made on the 
limnological programme. This again is being partially held up pending the 
arrival of the Project's research vessel, and also a large quantity of 
limnological apparatus which had been ordered was still in the process of 
arriving by the end of the year. These included such items as current 
meters, bathythermographs, photometers, plankton nets, bottom samplers, 
etc. However, by the end of the year a start had been made, using the 
boats and equipment at present available, in collecting water quality data 
and regular quantitative plankton sampling at stations adjacent to Jinja, 
while plans are afoot to establish additional stations further afield. 
EXPERIMENTAL FISHING 
Though the Masterfisherman arrived only shortly before, by the end of 
the year collaboration with EAFFRO's experimental fishing programme was 
underway and a new small trawl for use with the Uganda Fisheries Depart­
ment's vessel Darter had been designed and was under construction. In 
addition, plans are being drawn up for a further small trawl which would be 
hand-operated and towed between two canoes, each powered by an out­
board motor of between 15 and 33 h.p. Such a trawl seems to hold consider­
able promise for African fishermen in many areas. 
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APPENDIX A 
FISHING GEAR DEVELOPMENT 1965:""67 
BY M.P. GILBERT & J.M. GEE 
The commercial fisheries of Lake Victoria are based principally on a 
number of species of Tilapia although considerable tonnages of other 
genera are landed, namely Clarias, Bagrus, Protopterus and Mormyrus. 
Gillnds and longlines, worked from native canoes, are the principle 
fishing methods employed in the capture of these'types of fish. Certain 
smaller genera, such as Labeo, Barbus, Synodontis and Schilbe, are of 
local importance, particularly in the affluent rivers, but even here floating 
gillnets have largely replaced the traditional trapping methods. Some of 
the smaller lacustrine genera are caught in beach seines occasionally used 
in various localities. In recent years it has become apparent that there are 
large unexploited fish stocks in the lake, particularly represented by such 
genera as Haplochromis, Alestes and Engraulicypris. These are all small 
fish and gillnets have proved to be a very inefficient method of capture. 
More. modern techniques of fishing with moving gear have therefore been 
investigated, tested and modified to suit local conditions. 
TRAWLING 
(a) Surfac'e. 
Echo-sounding observations (Gee 1966) suggested that there was poss­
ibly a considerable upward movement ,of fish at night after a dispersal 
phase at dusk. In mid 1966aunique rig for surface trawling was therefore 
devised. An old, cotton, bottom trawl (21ft. overall length) wi th a 45ft. 
head' rope was invert~d and the new head rope fitted with five wooden 
trough-like lifting kites as well as extra corks. The footline was of medium 
weight chain and a single metal depressor was attached by twin chains 
to ei th er side of th e centre of th e footrope.· 50ft. towl egs were attach ed to 
2ft. x 3ft. otter doors' and flotation was obtained by bolting each board to 
a 5ft. mine sweeping paravane.The net mesh sizes were 2.5in.i'n the wings 
and square, 2in. in the belly and lengthener with a O.75in. codend. A 
flapper was provided in the codend as th~ whole rig was hauled by hand. 
:The net 'was towed as far as possibl~ behind the boat (warp length immate­
rial) and a good mouth ~pening was obtained. Although the gear fished well 
the catches were disappointirig. They consisted almost entirely of lfap­
lochromis; but produced only about 21' lbs/hr. 
(b) Bottom. 
From August 1966 onwards our mairr'-efforts have been directed towards 
bottom trawling. No.1 launch was fitted ou-t as described by Gee & Gilbert 
(1967) and a Vigneron-Dahl trawl of the dimensions shown in Fig. Al was 
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rigged. The unusual feature of this trawl was the bobbin line. The bobbins 
were 6in. wooden rollers on a wire line weighted to give very slight neg­
ative buoyancy. The object of this was to ensure that the bobbin and foot 
lines did not dig into the very soft mud bottoms of the lake and at the 
same time enable the net to traverse stony ground (where the echo-sounder 
gave no indication of a rocky bottom) without snagging on partly embedded 
boulders. During August the crew were trained to use and handle standard 
trawl gear, and tcrrig, set and haul the gear using the small winch available. 
In September 1966 this rig was fished more extensively in the Damba/ 
Kome region where moderate to good catches were obtained. in certain 
areas. The gear-- was modified slightly by adding a O.Sin. codend outside 
the lin. codend and a l.Sin. strengthening bag outside this. From the 
operational aspect it was seen that No. 1 launch was not suitable for 
extensive trawling operations and that in order to speed up the trawling 
operations (and cut down on the number of crew required) better facilities 
for mechanical handling of the warps and net were needed. With the pre­
sent rig only one 20 minute haul was being made about every hour. After 
consultation with the Uganda Fisheries Department (UFO) it was decided 
to combine forces and completely refit Darter as a stem trawler, because 
there was obviously going to be some delay in the commissioning of the new 
UNDP fishing vessel. 
Plans for the alterations were made by Mr. T. Bjerke of UFD and 
EAFFRO staff and Darter brought to Jinja for the refit owing to the lack of 
shore facilities at Entebbe. The boat was stripped to deck level, a new 
wheelhouse and accommodation fi tted, the after cabin decked over and the 
cabin converted into a hold. A four speed Fifer trawl winch with belt drive 
from the engine was fitted and duplicate engine controls were mounted 
at the winch position, Gallows, mast, chinaboom, boom, topping lift and a 
starboard purse davit were also fitted and provision was made for the in­
stallation of an electric speed log. These alterations and tests were 
completed by mid- January 1967 and the boat returned to Entebbe. 
Fai rly extensive trawling operations were carried out in the En tebbe/ 
Kome/Damba region from February to September 1967 and the boat 8I1d 
gear worked well. In March underwater observations were carried out on 
the trawl net in operation. It was found to set well and had a ·mouth opening 
approximately 5 metres wide by 2-2.5 metres high. In April, trawling in 
over ~ft. of water was tried and proved successful although catches 
(mainly Haplochromis) were small. The original trawl was lost in 230ft. 
of water when it jammed on an underwater obstruction and with a moderate 
swell running both the towlegs lmanilla rope) snapped and only the otter 
doors were recovered. A second net of th e same dimensions as the first, 
~t in better condition was obtained from UFD. This was rigged as for the 
fIrst net but with all wire towing gear and Bin. wooden bobbins. 
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In July 1967 a large otter trawl with a 78ft. headrope was obtained 
from EA\1FRO. It was rigged with 6in. plastic floats made from toy balls 
casedin netting bags as no other floats ofthis size were available locally. 
Two 60in. x 30in. otter doors were specially made for the net as no doors 
of this size were available. Four EXOCET type stabilizers and flying 
panels were attached to the doors and net respectively. These were made 
from plywood with the aerofoil section packed with expanded polystyrene 
for buoyancy. The net was laid off Darter and set well but as no hauling 
legs were available, difficulty was encountered when getting the body of 
the net over the narrow stern of Darter. The boat towed this net, although 
fairly high engine revolutions were required. If the net could be made of 
nylon cordage instead of coir and hemp, the drag would be' greatly reduced 
and a net of this size could easily be pulled by Darter. 
Since the beginning of the trawling experiments it has been obvious 
that the quantity of fish caught did not compare favourably wi th the number 
of crew involved in the fishing operations. Alterations to gear and methods 
have continually been made in order to speed up the fishing procedure and 
reduce the number of operational crew. The first major step was the alter­
ation of Darter which reduced the number of crew required from 8-9 to 5. 
The additional of a poke line to the net, enabling the main body of the net 
to be" left in the water and the codend heaved up on a boom and block, 
reduced the crew to 4. It was still found that the bigger catches fouled 
the stern rail and were difficult to bring aboard. This difficulty was solved 
by extending the boom by 4ft. and adding a sliding track. The codend is 
now winched in by the poke line to the boom sheave, clear of ,the stern. 
The boom sheave is then winched along the slide until the codend is over 
the deck weighing area. After emptying, the codend can be lowered back 
clear of the net float line and reset in the standard manner. With this new 
arrangement 3 crew can handle the boat and gear with ease and a very much 
qu{cker tum round could be achieved. Except for hooking up the boards the 
winch is used to handle the whole operation from start to finish. 
(c) Midwater. 
Echo-sounding observations have shown that considerable quantlues 
0f fish are to be found in mid-water at certain times and it was felt that 
mid.wCit~r trawling might be very productive. This type of trawling, however, 
is a 'much mere difficult operation than either surface or bottom trawling. 
A small mid-water trawl with matching sized wing boards was made by 
EAFFRO staff in 1966 (see Gee and Gilbert 1967). In subsequent trials 
the boards were found to be unstable. Nets and boards of this size have 
been successfully used elsewhere (Houser and Dunn 1967), but then small 
British Columbian fin boards were used which are probably more stable than 
similar sized wing boards. It was suspected that the most common type of 
mid-water echo-sounder trace was produced by shoals of Engraulicypris. 
Although the mid-water trawl was obviously not fishing efficiently, only 
Engraulicypris were caught when these echoes were fished. 
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In March 1967 a very old mid-water trawl was obtained from UFO. This 
had a mou th 52ft. square an d mesh si zes rangin g from 2in. in the win gs 
to a.5in. in the codend. The net was repaired and then rigged, ar,d full 
si ze win g boards were can stru cted campI ete wi th s el f-draini ng cen tre com­
partmen ts, adj ustabl e ch ain ri gging and dep th regula ting rings (see 
Kristjanson 1959, page 341. figure 7). This net was tested from Darter 
in the Jinja area in July. The gear appeared to work very well and only 
minor adjustments were needed to keep the rig very stable. Although the 
net wauld not stand up to high towing speeds and only faint echoes were 
fished at 25ft, Engraulicypris again constituted most of the catch. 
LIGHT FISHING. 
As far as is known light fishing for Engraulicypris :ias never been used 
on Lake Victoria by local fishermen, although the method is extensively 
used on Lake Tanganyika for L imnothris sa whi ch is th e pel agi c equi va­
len t in that lake of Engraulicypris in Lake Vi ctol'i a. 
As no small mesh purse seine was available it was decided to try the 
boxnet method in conjunction with lamps. A 20ft. x 12ft. x 12ft. boxnet of 
a.Sin. mesh was suspended by rings on two floating poles over the port 
side of No.1 launch. The net was set by pulling it out along the poles by 
means of lines over pulleys at the seaward end of the poles. The end of 
the baxnet nearest the boat constituted a flap which was lowered below 
the bottom of the boxnet when the net was set, and raised again, so closing 
the box, before the net was hauled. Electric power was supplied by a 
230V, 3KW generator and the lamps were attached to a boom on the star­
board side' of the boat. Two 150W mercury vapour lamps were used, one 
above the water and the other underwater. The latter larnp was switched 
on first and after about 15 minutes slowly raised to the surface. This ,vas 
,then switched off and the surface lightswitched on for a further 15minutes. 
The light boom was then swung over to the port side of the boat over the 
boxnet, the idea being to attract the fish under the boat and into the net. 
In practi ce this did not work very well as the EngraulicypriS appeared 
to disperse as soon as the light was moved from the starboard side. They 
congregated againon the port side of the boat but most of them were under 
the net. What fish were caught were gilled in the net ,from the outside 
rather than being enclosed in the box. Furth er tests were don e using di­
fferent wattage lamps and illumination times but the results were the same. 
It was felt that this method would prab?bly work if a more elaborate lamp 
boom was made whereby th e lamp could be drawn along the boom towards 
the boat, a separate lamp immediately on the port side of the boat switched 
on when the boom was to be swung across and then when the lamp boom 
was in position again that lump switched on and moved over the net. How­
ever it was also thought that the use of 2-3 drifting lamp~ boats and a 
a.25in. mesh purse seine would be a more productive method of lamp 
fishing and un til this type of gear is available the experimen ts should be 
held in abeyance. 
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ELECTRIC FISHING. 
This is a simple sampling device for use in shallow water amongst 
reedbeds or rocks where fishing with nets is impossible. Two 8ft. poles 
with deadman switches were constructed and attached to 15in. square 
mesh electrodes. Each pole had 20ft. of cable connecting it to either the 
positive or negative terminal of 'a 1000W generator. This generator was 
not quite powerful enough, giving only about 4 amps. at the poles. Never­
theless encouraging results were obtained in collecting samples from a 
shallow rock shoreline. It is possible that a modified system of electro­
fishing could be used in conjunction wi th lamp uni ts. 
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Fig. A 1. TWO SEAM FISH- TRAWL 46 I 6" ON HEADROPE USED BY EAF FRO FOR EXPERIMENTAL FISHING IN LAKE VICTORIA. 
MATERIALS. 
~ 
UPPER WINGS - COTTON 20 3/60 
20 3/ 60LOWER WINGS - COTTON 
SQUARE - 20 3/45 BELLY 20 3/45 
COD-END NYLON 210/18 
(COTTON) 
HEADROPE. 
lV2 INCH CIRCUMF KURALON LINE. 
GROUND ROPE. 
2 INCH CIRCUMF. MANILA FASTENED TO 3/ 1;' 
DIAM. CHAIN 3/8 DIAM. WIRE IS ROVE TH ROUGH 
OTHER EN-D OF THE CHAIN. 4 BOSOM BOBBINS 
9" x 6" ARE ATTACHED. 
THE 
f>O' 5" 
BREASTLINE 
WEIGHT 
1~2 INCH 
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CIRCUMF. MANILLA. 
ROPE 46 LBS. DRY TRAWL 170 LBS. 
~I'O· 
4'6­ 74­
%2 
3'&· ,.,22 
'29 
3' ..... to 2~ 0 
w ... - -
0 
"0+" SO 
- - - - - -
I~' 5­ • I~ 2~1 
80 
- - - - - -
BUOYANCY ATTACHED 45LBS 
APPENDIX B 
CROP YIELD RESPONSE IN MAIZE TO PILKINGTON BAY MUD 
ADDITIONS. 
BY J.C.D. WATTS. 
Samples of dried mud from Pilk ington Bay, who se chemi cal compo SI tIOn 
is given in Table Bl, were added to samples of the local lateritic soil in 
the following proportions, expressed as percentages by weight:­
Soil Mixture Mud Soil" 
A 100 
B 15 85 
C 25 75 
D 50 50 
E 75 25 
F 100 
Two maize seeds were planted in each pot containing the various pro­
portions of dried mud and soil, and the crop was harvested 30 days after 
the seed had germinated. The experiments were carried out in duplicate 
Table B1.	 Chemical composition of dried Pilkington Bay mud. (Data 
kindly provided by the Chemistry Division of the East 
Afri can Agri cuI ture an d Forestry Research Organi zation). 
pH in water (1:5) 5.8 
pH in M/I00 CaC1 2 (l: 2.5) 5.6 
Mois ture con ten t (%) 12.6 
Organic Carbon (%Y 24.1 
Total N (%) 3.32 
Mineral N (ppm) 576.6 
Mineralised N during:­
14 days incubation (ppm) t1 495.2 
28 day s " (ppm) t1 1270.7 
Soluble P (ppm Truogs) 169 
Exchangeable Cations: 
K me/lOOg	 2.08 
Na "	 1.80 
Ca " 15.31 
Mg " 4.4D 
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Exchangeable H (me/l00g) 12.10 
3Conductivity x 10 mhos. V. 0.261 
and the mean weight{wet) of the crop, excluding the root system, IS gIven 
in Table B2 for each soil mixture. The data show that there is a signif~ 
icant response in yield to the presence of the mud, but that the yield 
tends to decrease slightly when the mud additions are greater than 50 
percent by weight of the soil mixture. There is also a considerable reduc­
tion in the weight of the second crop taken from the same soil mixture, 
but re-drying the soils with the mud additions improves the yield slightly. 
Hesse (1958) has shown that drying and subsequent re-wetting the 
Pilkington Bay mud initiates decomposition of the material and the 
Table 82. Crop response in maIze to Pilkington 8ay mud additions. 
Soil Mixture Wet weigh t of crop (gm) Wet weight of crop (grn) 
Trial Trial after re-drying soils. 
I II
,-------------­
A 9.2 4.4 3.3 
B 24.5 8.7 9.6 
C 24.7 9.4 10.4 
D 28.9 10.5 12.5 
E 21.9 10.0 10.9 
F 21.2 9.6 10.7 
mobilisation of the contained nutrients. Decomposition proceeds rapidly 
at first and then more slowly until stabilization occurs after a time lapse 
of some weeks. If the stabilised mud is again dried and rewetted, decom­
position is again initiated. The crop yield data given in Table 82 would 
appear to confirm ~esse's observations on the behaviour of the mud after 
drying. 
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APPENDIX C 
A NOTE ON JUVENiLE PETROCEPHALUS CATOSTOMA TANENSIS 
BY M. ]. MANN. 
INTRODUCTION 
During the second part of a fisheries survey of the Tana River, Kenya, 
a number of larval and juvenile fishes were collected in mosquito-net 
seines and zoopl ankton-net hauls at various locali'ties between April-May 
1967. Analysis of this material has revealed the presence of juvenile 
mormyrids which appear to be Petrocephalus catostoma tanensis (Whi te­
head & Greenwood 1959). 
Thereproduction and early development of representatives of the family 
Mormyridae is not well known, indeed the only published data refer to Hype­
ropisius be be Oohnels 1954), Mormyrops deliciosus Oohnels 1954), Mor­
myous rume (Daget 1958) and Marcusenius nigricans (Whitehead & Green­
wood 1959). The account of larval Hyperopisius bebe given by Budgett 
(1901) and Assheton (1907a) is considered by Svenssen (1933) to be refer­
able to Tilapia melanopleura, while Gymnarchus niloticus, whose larval 
development is described by Budgett (1901) and Assheton (1907b) is now 
considered to be the sole representative of the Gyrnnarchidae rather than 
the Mormyridae sensu strictu. 
COLLECTION 
A total of 8 specimens of larval Petrocephalus all about 7.5 mm total
 
length were taken in zooplankton.net hauls at a single site riear Garissa
 
on the 16th. w]ay, together with juvenile Clarias, Eutropius, Synodontis and
 
Labeo. The site was near a submerged culvert on the dOY'vTIstream side of
 
:the road entering Garissa from the west. Due to the unusually heavy rain­
fall in the uppcr rcaches of the river in early May, severe flooding spread 
downstream reaching Carissa about the 9th May and by the 16th_ May the 
road was flooded to a maximum depth of 1-5 fcet, wi th the floods spreading 
some 3 miles over the right bank of the river at this point. 
Collections were made by suspending a zooplankton-net, fitted with n 
collecting tube and zooplankton gauze cap, on n weighted anchor line in the 
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current for an optimum period of 5 minutes. For shorter periods little larval 
material was collected while for longer periods the capture rate appeared 
to decline, probably due to the clogging of the terminal zooplankton filter 
by silt and debris, thus reducing the current pressure in the net and allowing 
fish to escape. 
On recovery the net was washed down, drained and the terminal gauze 
was removed and washed with settled flo~dwater into a petri dish. Juvenile 
fish were pipetted out into a second petri dish of distilled water and the 
material was preserved in formalin almost immediately. There was no 
opportunity to make any lengthy observations upon the live material in the 
fi eld. 
Specimens of juvenile Petrocephalus were only recognised from bottom­
set hauls taken in the deeper-flowing waters (3-4ft) of the flood zone; no 
specimens were identified from zooplankton-net or mosquito-seine hauls 
made in the shallower marginal waters of the flood zone. The examples of 
P e trocephalus were not reco gnised from mid-wa ter or surface zoopl ank ton­
net hauls at the same locality, although a few specimens of Synodontis and 
Labeo were collected from these upper waters. 
IDENTIFICATION 
Figure C1 is a composite fignre of the 8 specimens of juvenile Petro­
cephalus wh ich have been iden tifi ed on th e following characters: Head an d 
body completely covered with a mucus sheath (this sheath and adherent 
silt had to be removed in order to examine the preserved material in detail). 
Skin provided with numerous melanophores. Head relati vely large and rounded, 
cranial bones not visible but covered w-ith a thick layer of skin. Body mo­
derately elongate and laterally compressed. Mouth ventral, small and non­
protractile; no oral barbels nor dentition visible. Eyes small, laterally 
placed, covered with cranial skin and having no free border. Nostrils not 
visibl e. Gill-slits lateral, hardly visi bl e; op ercul ar bones not· app aren t. 
Pectoral fins prominent, but no spiny rays apparent. Pelvic fins not vis­
ible. Median fin fold extending completely along dorsal and ventral body 
surfaces, bein g con tinuous wi th the caudal wh i ch comprises 6 prom in en t 
rays and a scalloped margin. 
The specific identity of these specimens is based upon. the f<::ct that 
only 4 mormyrids viz. Mormyrus kannume, Mormyrus sp. (probably M. hil­
debrandit - M. tenuirostris - M, kannume), Gnathonemus macrolepidotus 
and Petrocephalus catostoma tanesis have been described from the Tana 
ri vel' system (Mann 1968). Of these species only Petrocephalus retains the 
truly ventral mou tho In addi tion the only mormyrids taken in the same loca­
lity (Garissa) at the srune time as the juveniles (April-May 1967) were 
34
 
_~ v .. ';O-.A"'V' .... 'h) I,,:> oc cureCi In gll1-n et"':VVv "V, .:. Will ch 
catches from flooded regions on the up-stream margins of the road on the 
13th and 15th May. 
DISCUSSION 
The ability of the zooplankton-net to capture specimens both larger and 
smaller than the juvenile Petrocephalus taken (as evidenced by other 
collections by the same apparatus) indicates that there was probably no 
great size-selection factor involved in sampling. The capture of only 8 
specimens of Petrocephalus compared to several hundred juveniles of 
Clarias, Eutropius, Synudontis and Labeo by the same technique in the 
same and adjacent localities indicates that Petrocephalusjuveniles are 
uncommon, indeed the number of oocytes recorded from the gonad of females 
is low (see Table C1), thus it is probable that the material which is all 
of similar si ze may have been recaptured from a single spawning. 
Table C1. Number and sizes of oocytes from ovaries of certain Petro­
ce phalus s peci es. 
Species Egg Count Egg diameter Author. 
P. bane ? 1.5 mm Nawar 1959 
P. catostoma mean 553 1.5 - 1.7 mm Okedi 1967 
P. c. tanensis 472 1.4 mm Mann 
P.c. tanensis 197 1.6 mm Mann 
No adhesive organ has been noted on any of the specimens, nor did the 
mucus sheath appear to be adhesive until fixed in formalin. The production 
of only few large-yolked eggs is frequently associated with some degree of 
parental care over the juveniles, and in this regard Okedi (1967) has already 
observed nest-building by both sexes of P. catostoma held in aquaria. 
The median fin-fold appears to be well supplied with blood vessels, 
giving the impression of rudimentary fin rays. This hyperdevelopment of 
superficial blood vessels has already been described in Marcusehius nigri­
cans by Whitehead & Green\\"ood (1959) and is considered as an accessory 
respiratory organ. 
]ohnels (1954) notes that a 9 day juvenile of Hyperopisius bebe is about 
6.5mm in length and that adults reach a total length of at least 426 mm. 
Adult P.c. tanensis are not known to exceed 90 mm scandard length and the 
juveniles collected were only 7.5 mm in length. COfl.sidering that relevant 
water temperatures in the Gambia (24.5° - 31.0°C) arid Tana (26.6°C) are 
somewhat similar then, either Petrocephalus develops considerably faster 
than f1yperopisius, or, the Tano specimens must have been derived from an 
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upstream area 'v....hich was flooded prior to the 9th May. However the chance 
coll(~cti(.n of 8 similar specimens dispersed from some distant upstream 
sp<:l'vvning site is considered unlikely. 
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Figure Cl. I Composite drawings of juvenile ~etrocephalus catostoma 
tanensis, total length 7.5 ~. 
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APPENDIX D
 
A NOTE ON A SECOND SURVEY OF THE FISHERIES OF 
THE TANA RIVER, KEI (A 
By M. ]. MANN 
INTRODUCTION 
A preliminary report upon a survey of the fisheries of the Tana River, 
Kenya undertaken during the dry season, August-September 1965, was 
issued in September the same year (Mann 1965), and u shortened account 
was subsequently published Uv1ann 1966). However during 1967 the survey, 
which had been interrupted, was resumed and a second visit was made to 
the area during the wet season of April-May. 
Whilst the major proposals for developing the hydro-electric and ir­
rigation potential on the Tana River remain unchanged, the' selection and 
timing of particular projects depends upon the growth of the demand for 
electric power, the assessment of agricultural irrigation potential and the 
availability of capital to finance the projects. Thus the development of the 
various barrages proposed on the Tana will not take place immediately but 
rather over several decades, and there should be every opportunity to folIo w 
the progressive effect of these barrages upon the migratory fish fauna. The 
construction of the first major hydro-electric project at Seven Forks Falls 
(Kindaruma) was inaugurated in March 1965 and was scheduled to be 
complete by the end of 1967. 
TH E FISH FA UNA 
Revised records of the occurrence of fishes in the Tana River system 
now include the following spe c ies, arranged in alphabetical order. The 
prefix 'A' indicates that the species has not been recorded during the 
1965-67 survey, while 'B' indicates that the record given by previous 
authors is dubious, and the prefix 'C' indicates a fish of recent introduction 
to the water basin. 
A lestes affinis Gunther 18?4. 
A B Ale s te s nurS e (Ruppc 11) 1832 
Amphilius grandis 80ulenger 1905 
A B Amphilius platychir (Gunther) 1864 
A Anguilla bicolor bicolor \IcClelland 1844 
A Anguilla mossambica Peters 1852 
A Anguilla nebulosa labiata Peters 1852 
A [3 Anguilla unicolor 
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A Arius afrieanus Boulenger 1911 
AB Bagrus doemae (ForskaD 1775 
AB Barbus altianalis rade liffii Bou lenger 1903 
Barbus amphigramma Bou lenger 1903 
A Barbus erlangeri Boulenger 1903 
A Barbus gregorii Boulenger 1902 
A Barbus hindii Boulenger 1902 
Barbus kerstenii kerstenii Peters 1868 
A Barbus labiatus Boulenger 1902 
A Barbus mariae (Holly) 
A Barbus mathoiae Boulenger 1911 
Barbus neumayeri Fischer 1884 
A Barbus perplexicans Boulenger 190~ 
Barbus taitensis Gunther 1894 
Barbus tanensis Gunther 1894 
Barbus usambarae Lonnberg 1907 
Barbus zanzibaricus Peters 1868 
Chiloglanis brevibarbis Boulenger 1902 
A Clarias lazera Cuvier & Valenciennes 1840 
A Clarias mossambicus Peters 1852 
Clarias sp. 
Clarotes latic eps (R uppe ll) 1829 
Discognathus see Garra 
Engraulieypris fluviatilis Whitehead 1962 
Eutropius depres s iros tris Peters 1852 
C Gambusia affinis holbrookii (Girard) 1859 
Garra dembeensis (Ruppel!) 1837 
A Garra hindii Boulenger 1905 
AB Garra johnstonii Boulenger 1901 
A Garra sp. 
Glossogobius giuris Hamilton-Buchanan 1822 
A Gnathonemus macrolepidotus Peters 1852 
Gobius see Glossogobius 
Heliopcrca see L e pomis 
Labeo cylindric us Peters 1852 
Labeo grcgorii Gunther 1894 
Labeo sp. 
A C Lates niloticus (Linnaeus) 1762 (Ni Ie Perch) 
C Lebistes reticulatus (Peters) 1859 (Guppy) 
A C Lepomis macrochirus Rafinesque 1819 (Bluegill) 
AS Leptoglanis rotundiecps (Hilgendorf) 1905 
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A Mastacembelus frenatus Boulenger 1901 
C Miscropterus salmoides (Lace pede) 1802 (Largemouth blackbass) 
A	 Mormyruskannume Forskal 1775 
Mormyrus s p. 
Nothobranchius guentheri (Pfeffer) 1893 
AB	 Petersius tangensis Lonnberg 1907 
P etrocephalus catostoma tane ns is Wh itehead & Greenwood 1959 
Physailia somalensis tanensis Whitehead 1962 
A B Protopterus aethiopicus Heckel 1851 
A Protopterus amphibius (Peters) 1844 
A B Protopterus annectens (Owen) 1839 
A Protopterus s p. 
A C Salve linus fontinalis (Mitchell) 1815 (American brook trout, char) 
A C salmo gairdneri Richardson 1936 (Rainbo'w Trout) 
A C salmo trutta Linnaeus 1758 (Brown Trout) 
AB schilbe mystus (Linnaeus) 1762 
A synodontis schall (Bloch-Schneider) 1801 
A synodontis serpentis Whitehead 1962 
synodontis sp. 
AB synodontis victoriae Boulenger 1906 
synodontis zambesensis Peters 1852 
A C Tilapia melanopleura Dumeril 1859 
A C Tilapia spilurus nigra (Gunther) 1894 
A C Tilapia spilurus spilurus (Gunther) 1896 
A C Tilapia zillii (Gervais) 1848 
Although the major part of the collected material has been identified 
and analysed this work is not completed and only brief comments will be 
given here. Amongst the Barbus group characterised by scales with parallel 
striae B. erlangeri, B. gregorii, B. hindii, B. labiatus, B. 'mathoiae, B. 
perplexicans, B. tanensis and possibly B. mariae are probably members of 
a variable and widespread B. tanensis complex, but inadequate adult 
material has yet been collected from the Tana to attempt a revision of 
this group. Of the introduced fishes Gambusia, Lebistes, salmo gairdneri, 
S. trutta, Tilapia spilurus nigra and T. zillii have all established 'wild' 
populations in the Tana Basin, but the remaining exotic fishes appear to 
have been less successful and are restricted to impounded and supervised 
waters. A third species of Labeo, suspected to occur in the Tana by 
Whitehead (1959), has been collected and remains to be identified, while a 
fourth species of Synodontis, closely related to S. clarias from West Africa, 
has been collected from Carissa, as have several specimens of Nothobran­
chius which still remain to be identified. 
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During the visit of April-!\1ay 1967 no commercial fishing actIvIty was 
noted although a subsistence fishery, restricted to basket traps and short 
lengths of gill-net (tangle-net) taking Labeo spp. during their up-£urrent 
migrations in the main river and major tributaries prior to the floods, was 
observed between Sagana and Merilla Power Station. At Merilla Barrage 
L abeo were also taken by hand and by scoop traps from the siphon and the 
base of the flood gates. No angli~g was observed even at Kindaruma where 
the presence of a large immigrant labour force might have encouraged local 
fishing activity. However the exceptionally heavy rainfall which caused a 
sudden massive rise in river level at Kindaruma between 5th-7th May 1967 
interrupted even these subsistenc e acti vities. 
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APPENDIX E 
NOTES ON THE BEHAVIOUR OF THE SMALL MORMYRID FISHES
 
OF LAKE VICTORIA
 
By].OKEDI 
INTRODUCTION 
Seven species of the Mormyridae occur in Lake Victoria and of these 
only Mormyrus kannume Forsk. and M. macrocephalus Worth. grow to any 
large size. M. kannume, the commonest species, is of high economic value. 
The smaller species, Gnathonemus longibarbis Hilg., G. victoriae Worth., 
Marcusenius grahami Norm., M. nigricans Bigr., and Petrocephalus catosto­
ma (Gunth.) represent only a minor fra<;:tion of the commercial catches 
except in the rivers where they form a substantial seasonal fishery (Okedi 
1966a). 
The following notes represent inci-dental observations during the study 
of t?e biology of the smaller mormyrid species of Lake Victoria. The be­
haviour of the species has not previously been reported although some 
workers have alluded to it in connection with work on feeding and fishing 
(Corbet 1961, Greenwood 1966). The problem of observing bottom dwelling 
fish is appreciated and these remarks relate to the kind of response of 
such fish to their artificial environment in laboratory aquaria. 
METHODS 
Fish caught in the Sio River or in the lake were examined for ripeness 
by gently pressing the abdomen posteriorly without inflicting too much 
damage. Fully ripe males discharged white milt and running females could 
easily be stripped for ova. The live fish were then put into aerated aquaria. 
Frequently each species was allocated an aquarium but sometimes Gna­
thonemus longibarbis and G. victoriae were put toge the!' in the larger 
aquaria, (172 x 90 x 70 cms). The bottom of each aquarium was parti­
tioned into rocky, stony and muddy sections. Marcusenius grahami, M. ni­
gricans and P. catostoma were kept in smaller tanks (90 x 60 x 30 cms). 
Later, experimental fish were injected with acetone dried pituitary extracts 
from ripe female Marcusenius nigricans (after the method of Clemens and 
Sneed 1962), in an attempt to induce spawning in the ripe fish. 
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Initially observations were done hourly up to midnight and starting 
again at 0500 hours. Later on, however, observations were carried out 
during the day only. 
SHELTER SEEKING BEHAVIOUR 
It was noted that all species rested during the day but became active 
at night. During daytime Gnathonemus longibarbis always rested against 
big rocks which formed the bottom of the aquarium. G. victoriae, however, 
preferred to rest horizontally on the bottom above smaller stones. It was 
sometimes also seen to rest over sand. Marcusenius grahami and Petro­
cephalus catostoma always preferred to rest over the sandy bottom of the 
aquarium where they constructed shallow depressions. Each fish would 
rest horizontally over its hollow. M. nigricans sometimes rested over sand 
or mud but it was frequently observed to swim towards the surface and to 
rest amongst floating papyrus stems and roots. This species would rest 
either horizontally or vertically so that it was suitably matched with the 
colour of the papyrus roots. The choice of substrate agrees with their 
habitats as described by Greenwood (1966) and Okedi (l965a, b, 1966b, 
1967). M. grahami, M. nigricans and P. catostoma were very timid when 
placed in tanks without shelter. At night, however, all the species would 
swim freely along the bottom of the tank and sometimes rising towards 
mid water. 
The nocturnal behaviour and bottom dwelling habits of these species 
were further inferred from fishing experiments. Only gill-nets set overnight 
were successful in catching these species. Further, these species were 
prevalent in bottom-set gill-nets. In the papyrus, however, M. nigricans 
was caught in top set nets as well as in bottom set nets and this correlates 
with its behaviour in the aquarium, where it rests not on the bottom but 
under cover of floating papyrus stems and roots. 
INGESTIVE BEHAVIOUR 
The food _of these species in the field has already be-en described 
(Okedi 1966b), but the type of food eaten in the aquarium was determined 
by trials with vegetables, minced meat, liver, fish meal concentrate and 
swamp worms (A lma sp.). Of these, only swamp worms were ingested by 
the mormyrid species. Newly caught fish normally took 5-8 days before 
becoming accustomed to ingesting food at daytime, but after feeding the 
fish resume resting. In all the species, food was taken from the bottom of 
the aquarium. 
Introduction of the swamp worms into the aquaria made the fish ex­
cited, and they usually swam searchingly forwards and backwards even 
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before the swamp worms had reached the bottom. The worms would nor­
mally be located on the bottom and swallowed. G. longibarbis was well 
adapted to take worms lodged between rocks and stones. In this species 
the elongate mental lobe was dragged along the bottom, scraping sand and 
debris until it contacted a worm. Over rocky substrate, this finger like 
process of the lower jaw would flick up and down through crevices in the 
stones until it came across a worm. At this, the mental lobe would flick 
up and down more rapidly and cause the worm to rise slightly. The fish 
would then swim forward and swallow the worm immediately. This species 
is therefore well adapted to take food in the rocky habitats where it occurs 
(Greenwood 1966). The other species were unable to take worms lodged 
between stones. G. victoriae, with its slightly protruding lobe of the lower 
jaw, obtained food in a manner similar to G. longibarbis. The short men tal 
lobe of this species would be dragged along the bottom, scraping sand and 
debris until it touched a worm which would quickly be swallowed. Petro­
cephalus catostoma and the two species of Marcusenius merely picked 
worms from the bottom of the aquarium. No feeding was observed in mid or 
surface water and in all cases food was swallowed whole, but where a 
worm was too long, the fish would remain stationary and swallow it pro­
gressively. 
ANTAGONISTIC BEHAVIOUR 
This behaviour was observed In two forms. First, when swamp worms 
were supplied over a small area of each tank, fish would swim to this 
area and feed actively. Oc cas ion ally , however, one fish would be chased 
away and frequently this fish would merely flee submissively. Sometimes, 
too, two fish would grip the two ends of a worm and pull on it. But one 
of them usually the bigger one, would dash for the other and chase it away. 
During the chase, the aggressor would dash towards its opponent and 
pursue it for a short distance and then return to the swamp worins. In all 
species, actual encounter, where two individuals fight, was not observed. 
The second form of this behaviour involved what appeared to be ter­
ritorialism and is connected with shelter seeking behaviour. In G. longi­
barbis and G. victofiae no hollows were constructed but as indicated above 
these species frequently rest under the cover of rocks and stones during 
the day. Each seemed to control its own area and when another individual 
strayed over it, the intruder would be driven off quietly in a manner which 
cannot be described as aggressive. The intruder normally makes no vis­
ible attempt to resist and would swim away to find its own resting area. 
This behaviour was demonstrated by all individuals of these two species 
at any time during the day. 
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Similarly in Marcusenius grchami and Petrocephalus catostoma the 
protection of the resting area was observed daily. These two species 
constructed shallow depressions in the sand which formed the substrate of 
the aquaria. Both sexes constructed hollows and when levelled the fish 
rebuilt them. In both species the males build larger nests than the females 
and in M. grahami these nests have dimensional similarity with those con­
structed during the display of the sexual behaviour which is described 
below. These depressions were excavated at any position in the tank and 
each fish rested over its own hollow which it protected aggressively. An 
intruder was normally attacked immediately by the aggressor pushing its 
head against the side of the newcomer. As in Gnathonemus spp. the intruder 
adopts a submissive attitude and flees back to its own area. During these 
observations dominance was not demonstrated since even the smaller in­
dividuals would chase away larger fishes when these strayed over their 
own territory. When sexually ripe, male M. grahami. tended to be more 
aggressive as demonstrated by two incidents in JVlay, 1964. 
Two. ripe males of M. grahami were caught on May 12th, 1964 and put 
into one tank at about 0830 hours. By 1000 heurs it was noticed that two 
excavations were dug in the sand in opposite corners of the tank, but 
frequently the fish were seen chasing each other. They were about the 
same size (11.5 ems S.L.). One male kept attacking the other severely and 
keeping it well out of its nest. The next day it was seen that one male 
was dead. The remainin~ male stayed calm, resting mostly in its nest and 
swimming out when worms (Alma) were provided. Attempts to get a female 
into the tank did not succeed but another male (11.8 ems S.L.) was intro­
duced a week later. This new fish was chased as soon as it was put into 
the tank. It was attacked by the older inhabitant using its head. The new 
fish also died after two days. 
SEXUAL BEHAVIOUR 
This behaviour was observed in ripe and running individuals and an 
account of each species is given below. 
(a) GNATHONEMUS LONGIBARBIS 
Two fipe males and two ripe females of G. longbarbis were put into 
one tank on 10th April, 1964. After two days it vias seen that one male and 
one female stayed· predominantly in one corner under the side of a big 
stone. This pair behaved in a manner which may be described as cordial. 
The female frequently remained tilted to one side at an angle of about 
30-45° from the vertical so that her abdomen very nearly touched that of 
the male. In this position the anal fins were opposed and kept beating very 
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fast. The two fish would SWIm slowly forwards and backwards together and 
the female was seen to swim under the male brushing him a little. When 
the female strayed and swam to another corner of the tank the male would 
swim after her and actively escort her back to the chosen corner under the 
stone. The appearance of another fish stimulated the female to swim away, 
b-ut the male would become restless and swim towards the intruder, ap­
parently, driving it away calmly. I continued watching these fish for about 
four days, but no spawning took place and the pair eventually resumed the 
us-ualmode of swimming allover the tank. 
Another pair of ripe C. longibarbis caught on 20th November, 1965 
were injected with 0.5-1.0 mg of the dried pituitaries of ripe M. nigricans. 
A behaviour pattern very much like the above followeq but with a little 
more excitement. Two C. victoriae were in the same tank. When C. victoriae 
str<1}'ed into the courting area of. C. longibarbis the male of this species 
(C. longibarbis) would immediately dash after them and chase them away. 
The female C. longibarbis in this case did not swim away with C. victoriae 
but remained quietly iI} the corner until the male returned and resumed 
courting. This was watched for three days, but shedding of ova and sper­
rnatocytes was not accomplished. 
(b) GNATHONE MUS VICTORIAE 
Four specimens of sexually ripe C. victoriac, caught from the lake on 
20th November, 1965 were injected with 0.5-1. mg. of pituitary extract 
from M. nigricans. A behaviour pattern similar to that for C. longibarbis 
followed for three days after which two males and one female died leaving 
only one female in the tank. Similar behaviour was demonstrated when four 
running fish were brought from the Sio River and injected with pituitary 
extract. The courtship was howe vel' interrupted by the death of two. males 
leaving two females in the tank. 
(c) MARCUSENIUS GRAHAMl 
Six ripe males and two ripe females (S.L. between 10.3 and 11.2 ems),
 
caught on the 17th November 1965 from th,e Sio HiveI', were injected with
 
0.5 mg of pituitary extract at 1130 hours after staying in the aquarium for 
one day. It was noted after 30 minutes that the fish became excited and 
the males became more interested in the females. By 1400 hours two large 
nests had been built in the middle and two small ones on the side of the 
tank. The larger nests, built by the males, were roughly circular being 
about 20-30 ems in diame ter. The deepest part was central (about 6 ems) 
and becoming shallow towards the edges. The smaller nests OOx5x2 ems) 
were constructed and frequented by females and one of the~e nests was 
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located in a corner underneath a large stone stood against the tank. Nest 
building in this species, as well as in P.· catostoma, was affected by the 
scraping motion of the caudal peduncle, tail fin and pectoral fins, with the 
whole body moving forwards and backwards. 
All the males in the tank seemed interested In the two females. How­
ever, a couple became isolated into the corner underneath the rock. The 
second female remained predominantly over one large nest but it was 
continually being moved around by the five males. The pair under the rock 
demonstrated behaviour patterns similar to those described for Gnathonemus 
spp. above. The two fish remained calm, swimmi ng' very slowly and close 
together forwards and backwards. The female often lay half sideways with 
the ventral part of the body opposed to the ventral part of the male. In this 
position she was inclined at about 10-20° from the vertical. Frequently the 
anal and caudal fins were seen to beat very fast. The female would also 
swim gently under the male. Often they would swim playfully behind each 
other and twist their bodies around. If another male intruded it was im­
mediately driven off by the male. The mode of attack was simply by push­
ing the head directly against the side of the intruder, with rapid sideways 
beating of the hind part of the body, inel uding the caudal peduncle. The 
intruding male would show no resistance and immediately turn back and 
flee. 
The other female seemed a I ittle disturbed by the attention of the 
remaining five males. It was striking, however, that this female would 
calmly remain over the large nest with one male and demonstrate the for­
ward and backward movements of their bodies as seen in the other pair. 
When they were interferred with, they would all swim away and mix up but 
another eager male would try to lure it into the nest area. At this she 
would immediately turn back and prod the male with her head and even 
chase it around. In certain instances the female would merely flee when 
being courted by.an un-acceptable male. 
After two days of this behaviour two males and one female died and 
it was thought wise to leave in the tank only one male and one female. 
These courted each other intermittently for about one week but no spawning 
took place. It was seen that the female continued to stay over the smaller 
nest. The male was observed to pick up pieces of leaves and move them 
out of the nest area. It also attacked the floating roots of aquatic plants 
when these moved into the nest. It was noticed that courting fish were 
hardly ever disturbed by the appearance of an observer unless too much 
noise was made. 
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(d) MARCUSENIUS NIGRICANS and PETROCEPHALUS CATOSTOMA 
Much difficulty was encountered in keeping M. nigricans alive in the 
aquarium. Specimens often survived for only a few days during which time 
they hid in corners or amongst the dark roots of the aquarium plant. P. 
catostoma on the other hand was easily kept alive in the aquarium. It was 
noted early in 1964 that both ripe and inactive fishes excavated nests in 
the sand. The males dug nests about 10-12 cms in diameter to a depth of 
4 cms but the females scraped only very shallow rectangular excavations 
(usually about 8 x 3 x 2 cms). It was observed that during the day each fish 
stayed over its nest for most of the time and drove out intruders whi,ch 
came near it. No behaviour pattern that approximates courtship has yet 
been observed, although ripe fish from the Sio River were kept in the 
aquarium and injected with pituitary extracts. It was noticed that this 
species has a remarkable ability to change colour to suit its background. 
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APPENDIX F 
SO\IE OBSERVATIONS ON THE PREHISTORY OF THE BUVUMA
 
ISLAND GROUP Of LAKE VICTOfilA
 
BY M. McFARLANE, 
UNIVERSITY COLLEGE, LONDON. 
During the early part of 1967, a short expedi tion was made to Bu vuma 
and neighbouring islands, primarily as part of a study of the relationship 
of laterite to landscape development. The characteristic island skyline of 
flat laterite capped hills is typical of Buganda topography, a topography 
whi ch has been the source of much discussion (Pallister 1960, etc). The 
drown ing of the topography by Lake Vi ctori a, whi ch left the lateri te mesas 
as islands standing above the lake, has resulted in a particularly attractive 
variant of the typi cal Buganda scene. For whatever reason, it appears 
that these islands were also found particularly .attractive by early man, 
and on them is to be found a :emarkable variety of evidence, apparently 
unp arall ell ed on th e adj acent mainl and, wh i ch indicates an extremely Ion g 
continuity of habitation. The writer is very grateful to EAFFRO Uinja) 
and particularly to Dr. Watts for making the study possible by allowing the 
use of one of the launches, and also for providing this opportunity to record 
some of the more interesting archaeological finds. The author also wishes 
to thank Dr. W.W. Bis.hop for his critical comments on the manuscript. 
The islands of Lake Victoria have been subject to rather sporadic 
archaeological study. The Sesse Islands have, perhaps by virtue of their 
grea ter ac cessi bil i ty, recei ved the most a ttention (Thomas 1966, Fagan 
and Lofgren 1966). Recently Lolui Island has been the subject to an intense 
nnd co-ordin ated investigation, whi ch in di cated the weal th of inform ation 
available in such localities. The Buvuma Island group, comprising Buvuma, 
Bugaia, Bukwaya, Buziri, Bwema and Kibibi, however, seem to have been 
somewhat neglected. The few observations available have nevertheless 
already indicat~d the time span involved in the occupation of these islands, 
and the recen t observations fully corroborate this. 
The oldest evidence of occupation was found on Bugaia island. The 
flagg}' quartzites cleave readily and seem to have provided ideal material 
for the manufacture of the rather heavy and crude tools of the SangOan 
culture - 10-40,000 B.C. (Cole 1965, Posnansky 1966a). This industry 
seems to be confined to this island alone, and is well represen ted here 
by a variety of picks, rough hand-axes, flake knives, heavy scrapers and 
cores. Only a few scattered tools were found on Buvuma, where the lithology 
is simi lar. The artefacts on Bugaia are found eroding out of a red indurated 
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lateritic palaeosol, and also in the modern grass soil overlying this older 
soil. The richest sites are to be found on the pediments above which rise 
the flat topped hills, particularly near Mirongo Bay on the north side of the 
island, and also on the south east side. The pediments are being rapidly 
eroded and gullied, apparently due to a change in the local environment. 
Elsewhere on the island, on the steep bare rocky sides of the hills and on 
the laterite summits, artefacts are also found but are more thinly scattered. 
The characteristic weight and crudity of the Sangoan implements suggests 
that they were specifically designed to deal with a forest environment 
(Posnansky 1966a, p. 44, Cole 1965, p. 180). Among the cruder tools are 
to be found some apparently much more skilfully fashioned implements, the 
smaller step-flaked tools more characteristic of the earlier Acheulian 
industry. The occurrence of both types together Ln situ conforms with the 
suggestion (Cole 1965, p. 188) that the apparent lack of skill dis­
played by the Sangoans was rather an adaptation of their tools to suit a 
particular environment than that the skills of earlier days were lost as 
part of some regression. Their occurence on the islands as well as on the 
mainland (Patz 1965) raises the question of how the water barrier was 
crossed. Although Davies, (1967, p. 117) work implies that Sangoan man 
had some knowledge of boat building, the possibility exists that the lake 
was th en lower or perhaps non-exi sten t. Kendalls work in Pilkin gton Bay 
(personal communication, Duke University, USA) suggests a completely 
dry passage existed between these islands during the possible time span 
of Sangoan occupation, Until the higher beaches are directly dated, the means 
by whi ch Sangoan man rea ch ed the i sIan ds is however a spe culati ve dis­
CUSSIon. 
The later tool industries are found only in the younger grass soil or 
exposed on the surface. They are represented by a varied assemblage of 
microliths fashioned from purer and harder quartzites. They are particularly 
abundant on the flat summi t of Kukwaya Isla~d, but are also common on 
Bwema and Kibibi. The association of these later industries ..vith this 
younger soil raises the suggestion that the change in the environment, 
indicated by these two soils, was a climatic change from wetter conditioos 
to drier, and further suggests that the change occured between these t\vo 
industries. However, it appears from studies on the neighbolFing mainland 
that the change to the drier grass environment cannot be precisely dated, 
but appears to be staggered. On Nakawungu Hill (Patz 1965) the junction 
between the two soils appears to occur below a horizon containing an 
artefact assemblage having closer affinities to the Late Acheulian. On 
Bya-Moniko Hill (Chaplin and McFaJlane 1967) engravings on the laterite 
surface have been taken to indicate that the laterite was exposed to more 
dessicating conditions very probably dudng the occupation of an agri cul­
tural people, Moreover, many of the hill.tops of South Kyagwe are still in 
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the process of being cleared of their forest cover for purposes of agricul­
ture. This chronological spread in the exposure of the laterite and the 
development of the thin grass soil suggests that man is responsible for 
this change, rather than climate. It is therefore tentatively suggested that 
the distribution of these two stone tool industries in relation to the soils in 
which they are contained indicates the beginnings of an irreversible change 
in the landscape induced largely by man, that is, the beginnings of defores­
tation which results in hardening of the underlying laterite and the develop­
ment of the thin dry grass soil, which is very readily eroded leaving barren 
pavements of laterite so characteristic of the Buganda hilltop scene. 
The succession of events sngg~sted by the stone tool assemblages is 
corroborated to a certain extent by the later archaeological evidence on 
these islands. It is quite clear from the varied field systems on the barren 
hilltops and sides, that there formerly existed a soi:! cover suitable for 
agriculture, where now no soil exists, or where the soil has become water­
logged by the impermeability brought about by the hardening of the laterite. 
The field systems are particularly interesting in that their variety suggests 
a length of agricultural occupance which is surprising in view of some 
the0ries as to the recency and origin of agriculture in Uganda. On the hill­
tops proper, field boundaries consist of banks of lateritic gravel (,loose 
ironstone pisoliths) sometimes as much as four feet high and wide, more 
reminiscent of earthworks than property boundaries. They in no way compare 
with the single blocks of rock laid out in line, which were fOUTld bounding 
the fields on Lolui Island (Posnansky 1967), and which are also to be 
found on the southern portion of Buziri Island, in association with what 
appear to be hearths made from four large blocks of stone placed on edge. 
These banks of lateritic gravel, presumed to be field boundaries, are 
found particularly well developed on one of the least accessible of the 
islands visited, Bukwaya Island, where they are associated with circular 
banks which may have been building foundations, and also cairns, taken 
elsewhere to be burial cairns (Posnansky 1966b). They are also found on 
Bwema and Bugaia. That the people who made them knew little of the 
principles of soil conservation is evident from the fact that· many are 
radially arranged on the domed hilltops. \lany of the deep gullies \vhich 
score the hillsides, especially on Bwcma and Bugaia, can be seen to 
r~late directly to these fields, which could scarcely have been better 
designed to promote erosion of the soil from both the hilltops and the 
flanks. A curious recurrent feature of many of the fields on Bwema Island 
IS a high mound of lateritic rubble placed centrally in these fields. 
In contrast, the steep slopes of the hills show that these people were 
succeeded by agriculturalists who practiced an elaborate system of ter­
racing and soil conservation. Laboriously built and carefully designed 
terraces, in every way reminiscent of those on the lugoslav coast, are to 
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be found on as much as 20 degree slopes on Bugaia island. The terraces 
are by necessity extremely narrow and are bounded by small rock walls. 
On the north flank of Bulinda Hill on Bugaia Island, they are associated 
with round enclosures of blocks of rock, a few feet high, possibly building 
foundations. They are also associated at this site with an interesting 
group of what appear to be grinding hollows, arranged in the form of a 
cross. Buganda is no longer ? ';~'ain growing area, but that it once \vas is 
clearly evidenced by the sporadic occurrence of grinding hollov,;s in the 
area, for example on Buziri Island and on Kavule Hill in South Kyagwe. 
Fables of the origins of the Bantu people record the importance of millet 
to the early Baganda. Posnansky (1966a, p. 161) gives an account of the 
Baganda fable of the arrival of Death on earth, the result of the return of 
Nambi to 'heaven' to collect some millet seed which she forgot in her 
hasty departure to take up her new post as Kintu's wife. Ponansky also 
notes that the name VImengo means grindstones. This name occurs on 
Buvuma Island, where terracing is also found. There is every suggestion 
that grain growing, hilltop and hillside cultivation and terracing are to be 
associated, and that this type of agriculture is of some antiquity, predating 
the introduction of the banana which provided an easier means of susten­
ance. 
Current cultivation of plantains is found today exclusively on the 
pediments where cultivable soil still remains on these much misused 
islands. Terracing does not seem to be practiced though erosion of even 
these shallow P' ment slopes is occurring. This recent erosion frequently 
reveals the un'ying laterite which is sterile, and thus progressively 
more land is~' ning abandoned through misuse. 
Three "~tinct phases of agricultural practice are found on these 
islands, the earliest and least enlightened associated with the hilltops, 
the succeeding intensive terrace cultivation associated with the steep 
flanks, and the c~rrent plantain cultivation on the pediments. They present 
a picture of progressive denudation of the soil from the hilltops down the 
slopes and into the valleys and onto the pediments, leaving the barren high 
level landscL:?e of today. This pattern does not appear with comparable 
clarity on the adjacent mainland, and 'it is felt that a systematic study of 
these islands would throw considerable light on the origins of cultivation 
in Uganda. 
The general pattern of events which emerges from this varied assem­
blage of archaeological evir:lence is one of progressi ve alteration of the 
environment by man, beginning with Acheulian or Sangoan man's inter­
ference with the vegetation, which caused a series of chain reactions ­
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the hardening of the laterite and induration of the old soil, the developmen, 
of the grass soil, the progressive erosion of this soil by a series of dif­
ferent agricultural practices - the result being the rather barren aspecl 
of many of the islands today. This suggested pattern is extremely tentative. 
The variety of the evidence available on these islands certainly in(hcate~ 
that. to those more directly concerned with studies of this nature a systern­
ati c examination and description of these features may be extremely re­
munerative. Innumerable isolated finds of archaeological interest are 
preserved here which may in suitable hands provide the tools for a more 
proper analysis of the situation. \Jany of the remains may merely date 
from the clearances but many are certainly of some ~ntiquity. For example, 
for what purpose and by whom was the deep (circa. 7 U) funnel shaped font 
carved out of an isolated block of laterite which stands pedestal-like on 
the summit of Nagambwa hill on Bwema Island, amid the earliest field 
systems? Also the shallow basins carved on the laterite blocks similarly 
placed on the summit of Naminage hill on Buziri Island. In contrast to the 
funnel shaped font, these are shaped like grinding hollo\\'s, but as they are 
formed in laterite which would pulverise easily they could not have been 
used for this purpose (although a single grindstone was found on the 
pediment below the hill). 'YJoreover, they appear to be grouped in pairs, 
reminiscent of those described on the Longoro Stone, Kilimanjaro (Fos­
brooke and Sassoon 1965), and seem to have been for the purpose of ritual. 
Are the broken fragments of pottery, found in these basins, in any "val' 
related to their original purpose, or merely more recently deposited? For 
what purpose were the many mounds of black soil on Bagete hill on Buvuma 
Island. These appear like a rash on the air photos and are associated with 
a re ctangu lar tre nch dug in the so i1. 
There is indeed a wealth of archaeological material available on these 
neglected islands. It is heartening that the Sangoan material, collected 
from Bugaia on this occasion and now housed at the Uganda ~Juseum, will 
be shortly studied by Dr. Nenquin (Ghent University), who hopes also to 
visit these islands during his study of Lupemban industries in Uganda. It 
is hoped that this sketchy outline may serve the purpose of illustrating 
h()w urgently needed is further specialist study. 
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APPENDIX G 
TRAWLING OPERATIONS ON LAKE VICTORIA 
By]. M. GEE 
The programme of work in connection with investigations into the 
feasibil ity of operati ng a fishery for Haplochromis has progresse d, albe it 
with interruptions, throughout the year. An account is given in Appendix 
A of the boat and gear developments which have been stimulated by this 
survey. With conversion of the Darter to a stern traw'ler, fishing operations 
have been speeded up and a total of 85.5 trawling hours has now been 
completed. A summary of the catch data is set-out-in Table Gl and some 
comments on the distribution of species is given. 
HABITATS 
The general survey area IS the waters between the mainland east of 
Entebbe and the offshore island chain of Nsadzi, Kome and Damba. Figure 
Gl is a sketch map of the area showing the boundaries of the broad habitat 
types which have been recognized within the region. These are as follows: 
1. Sandy and pebbly bottoms: These are trawlable hard bottoms of 
good sand or gravel and are usually found in less than 60ft. of water. 
(a)	 Tavu Bank between Bulago island and Tavu island to the S.E. 
(b)	 Airport Bay on the Entebbe peninsula. 
(c)	 North Nsadzi Bank. Whereas the other two are fairly gently shelving 
- down to 50fL, this bank shelves down to 90ft. and is a difficult 
trawling ground because of rocky outcrops. 
2. Jlud bottoms, IS-45ft. deep: These are principally the shallow 
papyrus or drowned forest fringed major bays of the islands and mainland. 
From echo-sounder traces it would appear that the bottom is generally soft 
mud of variable thickness, sometimes overlying harder clay or sand. The 
surface mud contains a good deal of plant debris and appears to support in 
places quite a dense mollusc population (as indicated by the numbers 
brought lip in the trawl). The predominant species found are the gastropod 
Bellamya unic olor eliator and the lame II ibran ch Caelatura cridlandi. 
Three major areas of this habitat type are recognized. 
(a)	 The bays of Kome and Damba Islands. 
(b)	 ~lurchison Bay. 
(c)	 En tebbe and Te ndre Bays. 
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3. Mud Bottoms, 45-75ft. deep: Similar bottom types to the above 
habitat, but probably with less plant debris. The same mollusc populations 
are also common here. Four major areas of this habitat type are recog­
nized:­
(a) The basin S.E. of the Bulago, Tavll, Kome sand bar. 
(b) The basin N.E. of the Kome sand bar. 
(c) \Iurchison Bay.I (d) Off Entebbe and Tendre Bays. 
4. Mud bottoms, 75-l00ft. deep: From echo-sounder traces it \vould 
appear that the mud bottoms here are firmer than in the shallower \vaters. 
Plant debris is not common and the same mollusc species, although pre­
sent, do not appear in the trawl in such numbers. Two major areas are 
recognized:­
(a) The area between Entebbe and ~sadzi. 
(b) The Damba channel. 
5. Mud bottoms, lOO-200ft deep. 
6. Mud bottorr~s, over 200ft deep. These two habitats do not come within 
the surVl~y area, but some trawling has been done within these depths in 
connection with taxonomic work on Haplochromis. Little information can be 
given on the nature of the bottom as the echo-sounder traces are very 
confusing and no actual bottom samples have been taken. The trawled 
areas are south of Nsadzi for habitat 5 and off :Vlwama and Bugaia islands 
for habitat 6. 
The heavily shaded areas in Figure Gl are regarded as untrawlable 
with the gear in use. They consist mainly of papyrus swamps and those 
waters which are too shallow or too rocky for trawling. \Iost areas along 
the north coast of the islands and around the Entebbe Peninsula are rocky. 
Whereas along the mainland coast, they are a mixture of papyrus swamp at 
the head of the bays and rocky promontories at the mouth. The \vhole of 
the north end of \lurchison Bay has been excluded because it is shallow, 
has a very soft mud bottom, large amounts of debris are picked up in the 
trawl and the catches are extremely low. 
DISTRIBUTION OF THE FISH FAUNA 
Table Gl gives the mean catch In pounds per twenty minute haul for 
each sub-habitat and for each time it was sampled. and Table G2 sum­
marises this data for each major type. The catches were made with a net, 
whose specifications are given in Figure AI, towed at approximately 1.7 
knots. It is very probable that the use of a net made to a different spe­
cification and towed at a different speed may considerably alter the overall 
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picture presented here, particularly with regard to the species compositiOn 
of the catches. The same net and gear was used for sampling all the bottom 
types, although its relative efficiency on different bottoms is not yet known. 
1. Spatial distribution 
(a) General:- Two trends may be discerned from the total catch figures 
In the Entebbe region. The first is that catches on good sand bottoms, 
particularly Tavu Bank and Airport Bay, are appreciably higher than on mud. 
This would tend to show that the populations, particularly of Haplochromis, 
are denser on sand bottoms. It must be borne in mind, however, that the 
present gear is probably more efficient over sand, -hence this observation 
on the relative abundance of fish can really only be confirmed when the 
most efficient trawl gear for mud bottoms has also been developed and 
tested. The second is that on mud bottoms there is a marked tendency for 
catches to decrease with depth. Slightly higher catches were obtained in 
45-75ft. than in 15-45ft., but again this may be a reflection of trawl 
efficiency as shallow mud bottoms, particularly in the sheltered bays of 
Kome and Damba, tend to have a greater depth of colloidal mud than mud 
bottoms in the deeper water. From 75ft. to over 200ft., however, there is a 
steady decline in catch with depth from a mean of 57lbs/20 minutes to 
8lbs/20 minutes. 
(b) Spec ies 
i) Haplochromis sp. 
This is the most important genera of fish in all habitats and depths but 
particularly so on sand and on shallow mud bottoms. The species of 
Haplochromis caught over different bottoms and at different depths vary, 
and there are indications that different species are more or less dominant 
over the same bottom in widely separated areas. The catches of Haploch­
romis show a definite fall off with depth, but always constitute the major 
part of the average catch. 
ii) T ilapia s p. 
Three species of Tilapia were caught in the trawl with any regularity. 
°T. zillii and T. variabilis appeared to be confined chiefly to sandy bot­
toms and were most common on Tavu Bank. Some of the latter species, 
however, also were caught in Entebbe Bay which is part sand and part mud. 
T. esculenta was found to have a more general distribution, bei~g caught 
over all bottom types down to 75ft., and very occasionally in 100ft. The 
distribution of this last species seems to be correlated more with the 
distribution of phytoplankton than with bottom type, and echo-sounder 
traces suggest that they may be more abundant in mid-water than on the 
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bottom. A fourth species, T. nilotica, was taken once in Entebbe Bay over 
the sandy area at the north end of the Bay. This species appears to be 
more or less confined to sand bottoms, and is found in abundance on the 
sandy areas around Bu kakata. 
iii) Bagrus docmac 
This species is ubiquitous in habitat, being caught regularly at all 
depths and over all bottoms down to 200ft. It may be slightly more abundant 
over mud bottoms than over sand. Unlike Haplochromis, the available data 
on catch rates show little relationship with depth, but this may be due to 
sampling error as relatively few hauls have been made in very deep water. 
iv) Clarias mossambicus 
Clarias is very rarely caught over sand bottoms (one specimen In 
45 hauls), but is an important element of all catches on mud bottoms. It 
is most frequently found in about 45-75ft. of water, but there is no definite 
indication of a decrease in numbers with depth. Clarias is a partial air 
breather and has a special suprabranchial arborescent o~gon for this pur­
pose. It is therefore interesting to record that a number of specimens were 
caught in the bottom trawl in over 200ft. of water, much deeper than any 
previous re cords. 
v) Protopterus aethiopic us 
This species is an obligatory air breather and has not been caught in 
water over 100ft. deep. As one might expect it is most common in the 
shallower waters, particularly over mud bottoms, and decreases in abun­
dance with depth, being caught only occasionally in 75-100ft. of water. 
(vi) Synodontis vic toriae 
Synodontis victoriae has an interesting distribution: It was. not found 
at all over the sand bottoms sampled so far and was rare over mud bottoms 
with less than 45ft. of water. It was most common in 75-200ft. of water, 
and beyond a depth of 100ft. sometimes formed the greater proportion of the 
catch. There is some indication that in deeper waters at least, these fish 
may shoal or concentrate in particular areas for feeding or breeding. 
vii) Xenoclarias holobranchus 
The genus Xenoclarias is very similar to Clarias except that it has no 
auxilliary air breathing organs and its maximum size is very much smaller. 
Again this fish was never found over sand but was a common feature of all 
catches over mud, particularly in waters 75-200ft. deep. All the specimens 
of this genus so far identified have been Xenoclarias holobranchus, even 
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those specimens taken in shallow water. It is not therefore confined to 
deep water as has been suggesteJ by Greenwood (1966). The specimen 
named Xenoclarias eupogon (Norman) in Greenwood (1966) may just be an 
aberrant specimen of Xenoclarias holobranchus. 
viii) Barbus altianalis 
This species is found almost entirely on sand bottoms, but always 
forms a very small percentage of the catch. One specimen \vas caught over 
a mud bottom in Murchison Bay. 
2. Seasonal distribution 
So far the data is not enough to be able to form some idea of the pos­
sible seasonal distribution or migration of the demersal fish fauna of the 
Lake. In Table Gl. there is a suggestion of lower fish stocks in the shal­
lower waters around March to June and higher fish stocks in the deeper 
waters, but nothing definite can be stated at present. Regular fishing at 
certain selected stations over a number of years is required before any 
analysis of seasonal distributions can be made. 
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3C. June '67 
Sept.'67 
11 
7 
18.2 
40.4 
13.1 
37.5 + 
0.2 
0.4 
0.9 
1.6 0.3 
3.4­
0.6 
0.6 
+ 
3D. 
4A. 
Mar. ' 67 
June '67 
~lar. '67 
Sept.'67 
8 
5 
23 
7 
64.0 
84.4 
42.0 
29.6 
41.5 
73.7 
20.5 
24.5 
0.2 
+ 
+ 
4.5 
2.6 
3.5 
2.0 
2.4 
3.1 
2.1 
2.S 
10.3 
0.1 
15.7 
0.4 
0.2 
0.2 
3.8 + 
5.1 
0.9 
+ 
0.2 
N 
\0 
48 June'67 
Scpt.'67 
5 
10 
54.8 
25.4­
48.4 
21.8 
0.1 
1.2 
1.5 
1.7 
1.8 
0.5 
2.4 
0.1 
0.6 + 
0.1 
5. Mar. '67 
Sept.'67 
6 
6 
32.3 
12.1 
12.1 
10.0 
5.0 
1.1 
0.9 14.1 
1.0 
0.2 + 
+ 
6. April'67 4 8.1 4.3 2.5 1.3 + 
+ Denotes presence.
 
Habitats numbered as in text.
 
I" 
TABLE G2 - SUMMARY OF BOTTOM TRAWLING RESULTS (EXPRESSED AS MEAN CATCH IN LBS/TWENTY MINUTE HAUL) 
SEPT. 1966 - SEPT. 1967. ENTEBBE AREA 
Habitat Hauls Total 
V)
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0 
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....,. -., 
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...., 
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""ti 
0 
l:: 
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V) 
(U 
...CJ 
-.,0"'" 
~ 
u 
V} 
V) 
;:j 
'­(U
...., 
a.. 
0
...., 
0 
'­~ 
V) 
;:j 
...CJ 
'­~ 
CQ 
V) 
;:j 
'­
?-, 
~ 
'­
0
--. 
~ 
V) 
~ 0"'" 
'­~ 
-., 
u 
0 
l:: 
(U 
~ 
V) 
(U 
...., 
~ 
......:J 
l. 45 84.6 78.3 0.2 1.1 0.1 2.6 0.2 1.4 0.4 0.3 
2. 34 49.5 34.8 0.1 4.9 0.1 3.7 2.6 + 3.2 + 
3. 95 56.8 45.2 1.9 2.9 2.9 1.3 + 1.9 + 0.7 + 
4. 45 37.9 28.8 + 1.7 2.0 4.6 0.6 0.1 0.1 
5. 12 22.2 11.1 3.1 0.4 7.5 0.1 + 
6. 4 8.1 4.3 2.5 1.3 + 
+ Denotes presence.
 
Habitats numbered as in text.
 
APPENDIX H 
ELECTROPHORETIC AN;\LYSIS OF BLOOD OF TILAPIA
 
LEUCOSTICTA TREWAV:\S AND TILAPIA ZILLll (GEHV-\I~)
 
FROM LAKE VICTOrU\ 
By T. D. ILES A"1D G. J. HOWLETT,
 
FISHERIES LM30RATORY, LOWESTOFT
 
INTRODUCTION 
Zone electrophoresis is one of the most useful tools now available fvl' 
the separation of proteins in tissue fluids of organisms: it allows the 
examination of the variability of specific proteins among taxa and the 
comparison of proteins of one organism with another. In recent yems there 
has been a marked increase in the application of electrophoretic techniques 
to taxonomic problems which has demonstrated that the comparison of 
proteins can add to more traditional criteria a sensitive means of char­
acterizing taxonomic groups at all levels and of elucidating relationships 
between them. 
Little has been Jone on African freshwater fishes, and amongst these 
no group offers material of greater interest and value than do the cichlids, 
which provide imeresting problems in evolution and considerable difficulty 
in identification by traditional criteria. This communication represents a 
preliminary account of work done on two species of the genus Tilapia and 
concerns the results of the analysis of material sent by EAFFRO to the 
Lowestoft Fisheries Laboratory in August 1966. 
Both the species involved are recent introductions into Lake Victoria. 
T. zillii has proved a successful colonizer and has formed populations 
large enough to make a small but significant contribution to commercial 
catches; T. leucosticta has achieved. its more limited success by its 
ability to withstand the relatively adverse conditions found in the marginal 
lagoons and swamps of the lake CWelcomme 1964a). 
Whole blood was collected from the heart or sinus by Vacutainer tubes 
containing citrate anticoagulant. Packed in ice inside an expanded polysty­
rene container the tubes were flown overnight to London to arrive at the 
Lowestoft Laboratory within 24 hours. The samples were centrifuged at 
·2,500 r.p.m. at oee for 20 minutes and the supernatant plasma removed. 
The red cells were washed twice in 1.1-t perc~nt saline before being lysed 
64
 
In about four times their volume of phosphate buffer. After final centri­
fugati on the clear haemolysate was separated from the cell stroma and was 
ready for electrophoresis. 
Thirteen individuals of each species were sampled, together with one 
considered to represent, possibly, a hybrid between T. zillii and T. mela­
nopleura (Welcomme pers. comm.). 
Horizontal starch-gel electrophoresis was carried out on both haemog­
lobin and plasma proteins, the method being essentially that used by 
Smithies (1955) and as described by Jamieson (1965). The starch con­
centration was 12 percent (Connaught hydrolyzed star~h), and a continuous 
buffer system of Tris-EDTA-Boric acid at pH 9.1 was used. A charge of 
400 volts was applied for 4 or 5 hours at a temperature of about 2°C inside 
a domestic refrigerator. 
Haemoglobins were analysed also by agar-gel electrophoresis, using 
Ion-Agar No.2 agar and a phosphate buffer at pH 7.3 as described by Sick 
(1965). Standard 75 mm x 25 mm slides supported the gel and a current of 
Sma per slide was applied for 40 minute~, again at about 2°C. 
Both types of gel were fixed in a methanol!acetic acid/water medium 
(5:1:5 by volume). Agar gels were dried in a current of warm air and all 
gels were stained in the general protein stain Amido-black lOb-at a 
concentration of 7 g/litre of fixing"fluid. 
RESULTS 
Plasma proteins 
The starch-gel electrophoretic patterns of plasma proteins of both 
Tilapia zillii and T. leucosticta exhibit a relatively high degree of in­
dividual variability. Plate HI illustrates patterns for individual fish, 
.together with that for hU".lan prasma as a reference. 
There is an overall similarity in band pattern between the speCies, 
but despite this-and despite the individual variation within species-it is 
possible to see characteristic patterns for each species (or rather for the 
populations of the species represented in the samples). 
The staining technique is a general one for "total" proteins, so that 
the resulting band pattern represents a complex mixture of plasma proteins 
bc:donging to a number of protein systems which have not yet been identified 
separately in c ichlid material. The use of prominent or characteristic 
bands in the electropherograms to delimit zones is, therefore, a matter of 
convenience only. 
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\ Ii gra t i ():l () f pi' :J ~ C i n. S h t I) \ " d f'(J-; the (\ 11 () Jet1n d the le rillS "fCl:-; t" <l nd 
"slo\v" inJictllf~ die rclc,tive 111i~r<1tion rales in this direction. The four 
bands marked\, I), C dod D ill Plate [[1 form the btlsis of the chmacteris­
tic T. zillii puttern, and of lhese bands A, ( and D are usually prominent. 
Band 8 i3 not usually conspicuous bUl it Wi:lS nearly ahvo.ys present in a 
characteristic position. For individuals of T. lcucosticta a band with the 
same migration rale as 8 was usually more proillinent; a prominent band 
corresponding to ( tn T. ::.illii was not found, and a proillinent slow band 
equivalent to .-\ was slightly faster. 
Other differences between the two species are found in proteins faster 
than ~, which may well represent or include the plasma albumens. These 
ban d s are rat her d iffuse and are not well s h0 'rV n inth e P Iate, but rep eat e d 
comparisons have indicated that the fastest protein fraclion for T. leucos­
ticta lies between the position of two separate bands in' T. zillii material. 
Within each species individual variation involves differences in the 
~elativ~ intensities of bands at specific migration distances, the appear~ 
ance of extra bands or the apparent absence of "characteristi c" bands. 
Val iation of these kinds appears at each of the characteristic positions 
for both species. 
Haemoglabins 
Electrophoresis in agar-gel at pH 7.3 causes the haemoglobins, of 
T. zillii and T. leucasticta to migrate towards the cathode and to separate 
into a number of components - as many as nine being identified. The 
existence of multiple haemoglobins is quite prevalent in both vertebrates 
and invertebrates, but the number now revealed for these two species is 
mu c h greater than that demons tra ted for T. mas s ambica by Chandresekhar 
(959); he found one major and one minor component. Examination of the 
haemoglobin for a number of species of Tilapia under agar-gel electro­
phores~s, including T. mossambic,a, confirms that the larger' number of 
haemoglobins found in T. zillii and T. leucosticta is characteristic for 
Tilapia (unpublished data). 
In both species there is individual variation, in that components of 
specific migro.tion rates may vary greatly in intensity to give recognizably 
distinct overall patterns. Although uplo nine separate bands are involved, 
with a potentially larger number of intergrading patterns in both species, 
the patterns tend to fall into a small number of more or less discontinuous 
groups which probably represent the phenotypic expression of a genetically 
based polymorphism. 
There are differences between the two species which involve the 
migration rates of all of the haemoglobin components. Parallel runs of 
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haemoglobins of T. zillii and T. leucosticta indicate that some at least,
 
and probably all, of the individual components are displaced relative to
 
each other, as is shown in Plate H2a.
 
The electrophoretic behaviour of fish haemoglobins tends to be affected
 
greatly by changes in the pH of the buffer system. At pH 9.1 - that of the
 
buffer used in starch-gel electrophoresis - nearly all of the haemoglobin
 
bands migrate to the anode, so that bands nearest the point of application
 
for agar-gel electropherograms migrate as the fastest components under
 
starch-gel electrophoresis with the Tris-EDTA-Boric acid buffer.
 
Starch-gel electrophoresis at pH 9.1 did not give as fine a resolution
 
of individual haemoglobins as did agar-gel, but the results do facilitate
 
comparisons between the two species.
 
In Plate H2b the haemoglobins of individuals from both species are
 
compared. Two patterns can be distinguished which are labelled A and B.
 
Type A consists of single relatively narrow intense bands; in Type B the
 
single bands of A are represented by broader diffuse bands which in some
 
cases can be resolved into more than one component.
 
For both species individuals can be referred to Type A or B, but Plate
 
H2b shows that anodic migration rates for the haemoglobins of T. zillii
 
are greater than those for corresponding bands of T. leucosticta. The
 
slowest band for T. zillii remains at the point of application, whereas
 
that of T. leucosticta has a small cathodic migration rate. The fastest
 
anodic band of T. zillii always migrates further than that of T. leucosticta.
 
These differences are found for both A and B patterns.
 
The importance of this observation lies in the fact that the two species
 
being compared belong to different subgenera, T. zillii representing the
 
substrate-spawning subgenus Tilapia and T. leucosticta the mouth-brooding
 
subgenus Sarotherodon. This raises the possibility that the electrophoretic
 
~..differences in the haemoglobins may serve to distinguish the subgenera 
. themsel ves, a possibi lity that tends to be confirmed by studies of haemog­
lob ins of other species of the genus Tilapia (unpublished data). 
DISCUSSION 
Although the results dealt with in this communication involve only
 
two species and a relatively small number of individuals, they do indicate
 
the kind of information that might result from wider studies. The populations
 
that were sampled exhibit a great deal of individual variation, demonstrated
 
more obviously by the plasma proteins, and of a type that is well suited
 
for the investigation of problems at the intra-specific level (Dessauer
 
1966). Some of the variability could be the result of developmental changes
 
which could be interpreted in life-history terms, but this is unlikely to be
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the explanation in the case of T. leucosticta, the samples of which were 
taken from fish over a very small length range - all but one falling be­
tween 13 and 16 cm total length. The length range for T. zillii was larger, 
from 11.0 cm to 24.8 cm, but there was no indication that any correlation 
existed between electropherogram pattern and fish length for eithe:- plasma 
proteins or haemoglobin. Nor is it likely that a significant proportion of 
the variability represents the effects of differing environmental factors, 
because the samples were taken from a relatively small area of the lake ­
presumably from single populations. 
Tsuyuki and Roberts (1965) concluded that serum proteins of northern 
freshwater fishes show more individual variation than do those of northern 
marine fishes, so that the variability in these two species of Tilapia may 
represent a characteristic feature of freshwater forms as a whole, However, 
it seems more likely and more interesting to postulate that part at least of 
the diversity and the underlying genetic heterogeneity that it implies is 
associated with the fact that these two species are recent colonizers. 
Since about 1951, at different places in Lake Victoria and on a number of 
separate occasions, each species has been introduced from populations 
taken originally from other East African lakes, but which have often been 
held for a time in small dams or ponds (Welcomme 1964b). The relatively 
low selection pressures they have presumably experienced in their new 
environment may well have allowed or favoured a relatively high degree of 
variability. 
A comparison of different populations of species of Tilapia which have 
been introduced into Lake Victoria, of which there are several (Welcomme 
1964b), with those q.f endemic species would test such a hypothesis. The 
electrophoretic technique certainly represents an almost unique opportunity 
of studying colonizing species to a degree beyond that at which more 
traditional morphological criteria can reasonably be expected to give 
results. 
Although species specificity is indicated in both plasma proteins and 
haemoglobins it is not possible, on the basis of this material alone, to 
determine to what extent zone electrophoretic methods can be expected to 
contribute to the solution of taxonomic problems at the specific or higher 
levels. Results from more extensive studies on a number of Tilapia sp~cies 
from adjacent regions of Africa indicates that much useful diagnostic 
information should be forthcoming even when relatively few types of pro­
te in systems are analysed. In particular the more "conservative" prote ins 
such as the muscle myogens (Tsuyuki, Roberts and Vanstone 1965) promise 
to be of considerable value, both for the genus Tilapia itself and for 
members of the cichlid flocks found in Lake Victoria and in other African 
Lakes. 
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PLATE H 1. Starch-gel electrophoresis of plasma proteins of individuals of T. Iillii 
and T. leucosiicta,- together with those of an individual thought to be 0 
hybrid between T. Ii"ii and "!:.~elanopleura. Human olasma is included 
as a reference. 
TRIS - EDT A - bori c acid gel pH 9.1, stained with Amido Black 
lOb. The positions of "characteristic" T. Iii Iii bands ABC and Dare 
i~dicated. The fastest systems (possibly albumens) are in the region 
marked E. Note the differences in intensities of bands at posilion B 
between 'he two species; at position A, comparison with a prominent 
band in human plasma illusfrates another specdic difference. Note also 
Individual differences par1lcularly at pasitions A and C. 
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T LEUCOSTICTA + 
.ORIGIN 
PLATE H2o. Agar-gel electrophoresis of haemoglobins of T. zillii and T. leucosticta. 
Ph 0 s phate gel pH 7.3 (S ic k) s to i ned withAm id 0 B Ia ck lOb.
 
Migration of all haemoglobins is cathodic.
 
Comparison of migration rates of haemoglobin components of T. zillii and
 
T. leucosticta is made in the middle of the gel where they are not subject 
to distortion. 
,- - ­ - - ­ -
____________ 
- - - - - .",__ Z ILL I I 
,{ 
-J BANDS 
-
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PLATE H 2b. Starch.gel electrophoresIs ot haemoglobins of T. zillil and T. leucosticta. 
TRIS - EDTA - boric acid g(,1 pH 9.1, stained with Amido Black lOb. 
Most haemoglobin components migrate to the anode. Two patterns are 
recognized, labelled A and B. A difference in migration rate is apparent 
whether A's or B's are compared between species. 
LEU ZIL LEU ZIL LEU 
B A B A B 
+ 
.ORIGIN 
·~il~ + 
~ORIGIN 
B A B B C
 
ZIL LEU ZIL LE U ZIL
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